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FOREWORD
Modern studies of the  underground and surface w ater re­
sources of Iowa have been carried on in recent years by a  
cooperative effort of the  U.S. Geological Survey and the  Iowa 
Geological Survey w ith the  aid and encouragem ent of o ther S ta te  
and Federal departm ents, institu tions, groups, and individuals. 
Some of th e  collected da ta  a re  published in nation-wide Federal 
reports. I t  is felt, however, th a t  m ateria l perta in ing  particularly  
to  Iowa assembled in S ta te  bulletins would render th e  d a ta  m ore 
readily available and useful to  in terested  persons in th is  S tate.
This report, Bulletin No. 4, Geology and Ground W ater Re­
sources of W ebster County, is the  first study  of ground w ater 
to  appear in the  w ater resources bulletin series. One reason th a t  
W ebster County was selected fo r study  is th a t  alm ost all m unic­
ipalities, industries, and individuals w ithin the  county rely on 
th e  underground sources fo r th e ir  w ater supply. Inasm uch as 
ground w ater occurs in rocks and its  quality  and availability are  
largely controlled by rocks, th e  report contains a  comprehensive 
trea tm en t of the  geology of th e  county in  order th a t  th e  ground­
w ater resources m ay he b e tte r  understood and utilized. Thus, 
th e  report should be useful no t only to  th e  users o r potential 
users of ground w ater b u t to  o thers who require basic geologic 
data . 
Sim ilar reports on o ther counties in the  S ta te  are  in preparation 
and will be published upon completion.
H. GARLAND H ERSHEY 
S tate  Geologist
Iowa City, Iowa 
Septem ber 1, 1955
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b y
W illiam  E . H ale
ABSTRACT
W ebster County, com prising an a rea  of 718 square miles ju s t 
northw est of the center of Iowa, had a  population of 44,241 in 
1950, w ith  25,115 in  F o r t Dodge, the principal city. Some 94.4 
percent of the  county is in fa rm  lan d ; corn is the principal crop 
and is used in  the  ra ising  of hogs and cattle, an  im portan t oc­
cupation in th is p a r t  of the  country. M ineral products include 
gypsum, clay, coal, sand, gravel and limestone.
The m ean annual precip itation  a t  F o r t Dodge is 31.21 inches, 
of which m ore th an  3 inches norm ally occurs during  each of the 
m onths May, June, July, August, and Septem ber. The average 
num ber of grow ing days is 150. The w arm est m onth generally 
is Ju ly ; du ring  December, January , and F eb ruary  the average 
tem pera tu re  norm ally is below freezing.
The upland area, com prising over 80 percent of the  county, 
is m ostly a  gently undulating, slightly  eroded g lacial-drift plain. 
M orainal hills of low relief occur in  the extrem e southern  and 
no rthern  p a rts  of the county. The Des Moines R iver flows 
through the county from  north  to  south and, together w ith its  
tribu ta ries , d rains the en tire  county except the southw estern 
p a rt, which is tr ib u ta ry  to  the Raccoon River. The Des Moines 
R iver has cu t a deep, narrow  valley about 90 fee t below the  upland 
in the northern  p a r t  of the county and about 220 fee t below the  
upland in  the southern  p a rt. The tr ib u ta ry  stream s commonly 
have shallow valleys m ore th an  a  few  miles back from  the Des 
Moines River.
Glacial deposits of Pleistocene age, rang ing  in thickness from  
50 fee t in the  n o rth  to 175 fee t in the south, m antle the indurated  
rocks over all the upland area, b u t indura ted  rocks rang ing  in  
age from  M ississippian to Cretaceous a re  exposed in places alon g  
the valleys of the Des Moines R iver and its  tribu taries.
Rock cu ttings obtained from  m any wells in  W ebster and 
surrounding  counties give control on the subsurface geology. 
Red serpentinized basalt, presum ably o f pre-C am brian age, w as 
encountered in  a  well a t  a  depth of 2,290 feet, or 1,310 fee t below
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sea level, a t  F o r t Dodge. The s tra tig rap h ic  sequence includes 
rocks of late  Cam brian, Ordovician, Devonian, M ississippian, 
Pennsylvanian, Perm ian, and Cretaceous age. Rocks of S ilurian, 
Triassic, and Ju rassic  age a re  not known to occur in the  county.
In  the northw estern  p a r t  of the county, a  thick section of shale 
and sandstone of Cretaceous age has been downfaulted in  respect 
to  ad jacen t limestone and sandstones of Paleozoic age. These 
s tra ta  re s t on s tra ta  of undeterm ined age and appear to  su r- 
round a  core of igneous rock. Only the easternm ost p a r t  of the  
s tru c tu ra l basin lies in W ebster County, the  rem ainder being in 
Calhoun, Pocahontas, and Hum boldt Counties. The ab ru p t 
la tera l change in lithology, the contorted and brecciated condition 
of the  s tra ta , the c ircu lar outline, and the  igneous core suggest 
a  volcanic struc tu re . F au lting  has occurred also in  the  vicinity 
of F o r t Dodge and has created a  graben, about one-third of a  mile 
wide a t  F o r t Dodge, which trends in  a  direction som ew hat no rth  
of east. 
M any shallow wells obtain sm all quantities of h a rd  w ater 
contain ing considerable iron from  sands and gravels in  the  
Pleistocene d r if t  sheets. Two large sand-and-gravel-filled buried 
channels occur near Duncombe and Gowrie and give prom ise 
of yielding much w ater.
Cretaceous s tra ta  generally yield little  w ater to wells in  Web­
s te r  County, even w here th ick  because of dow nfaulting along 
the w estern m argin  of the  county. The F o r t  Dodge form ation 
of Perm ian  age likewise contains little  w ater, and the  shales in  
the form ation probably prevent recharge to underlying lime­
stones from  w aterbearing  beds in the  d rift.
Sandstones of Pennsylvanian age generally yield little  w ater 
to wells, b u t where they  occur as channel fills, p articu larly  in the 
central p a r t  of the county, they yield m oderate supplies.
M ississippian rocks fo rm  aquifers which supply m any fa rm  
wells, p articu larly  in the  no rthern  p a r t  of the  county, and yield 
small to  m oderate supplies of ha rd  w ater which m ay have an  
objectionably high fluoride content. Devonian s tra ta  yield little 
w ater to  wells in W ebster County, and unusually ha rd  w ater 
can be expected because of the  gypsum  content in  th e  Cedar 
Valley and W apsipinicon limestones.
The St. P e te r sandstone and the upper p a r t  of P ra ir ie  du Chien 
form ation, both of Ordovician age, a re  relatively good aquifers, 
and  yields o f 50 to  200 gallons a  m inute w ith  m oderate draw ­
downs can be expected from  them .
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The m ost consistently high yielding zone of aquifers is form ed 
by the lower p a r t  of the P ra ir ie  du Chien, the  Jo rdan  sandstone, 
and the  St. Lawrence form ation. The transm issib ility  of these 
beds is between 50,000 and 110,000 gallons a  day per foot a t  F o r t 
Dodge. The w ater from  these aquifers is h a rd  and in  places con­
tains objectionable concentrations of iron. The s tra ta  below the 
St. Lawrence form ation are  not prom ising as a  source of w ater 
in  W ebster County, and the  available w ater is likely to  have a  
high chloride content.
The towns having m unicipal w ater-supply system s a re  Badger, 
Callendar, Dayton, Duncombe, Gowrie, H arcourt, Lehigh, and 
F o r t Dodge. Yields from  wells a t  F o r t Dodge a re  abnorm ally 
high, probably because of the  frac tu red  condition of the  s t r a ta ; 
fou r wells finish in the M ississippian rocks, one in  th e  Devonian 
rocks, and one in  the  Jo rdan  sandstone. W ater levels in the well 
field have declined from  a  reported  elevation of 62 fee t above 
land surface in  1911 to approxim ately the  land surface in  1951. 
The pum page from  the  field had increased to  about 3.6 million 
by 1950. W ater levels may be expected to  decline between 1 and 2 
fee t a  year if  pum page continues to  increase a t  the  same ra te  
a s  during  the  p as t 15 y e a rs ; b u t i f  pumpage is stabilized a t  3.6 
million gallons a  day, the  w ater levels m ay decline no m ore than  
10 fee t w ith in  the nex t 30 years. These postulated declines in 
w ater level will be accelerated by drilling  any  additional p riva te  
wells th a t  will d raw  w ater from  the sam e w ater-bearing  beds.
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Purpose and Scope of the Investigation
In  order to  utilize the ground-w ater resources of the  S ta te  of 
Iowa to g rea tes t advantage and to  m eet the  increased demand 
fo r m unicipal, domestic, stock, and industria l supplies, the  collec­
tion of detailed data  on the occurrence and movement of ground 
w ater is necessary. Such studies have been carried  on fo r  years 
by the  Iowa Geological Survey, and since 1938 its  p rogram  of 
investigation of the ground-w ater resources has been in  coopera­
tion w ith the  U nited S tates Geological Survey. As 90 percent 
of the population of Iowa depends on ground w ater fo r its 
supply, i t  is desirable to make the  collected inform ation available 
to  the public. Reports presenting  data  on th e  geology and ground­
w ater conditions w ithin individual counties are  therefore  p re­
pared. Based on intensive work begun in  Cerro Gordo County 
in  1939 a detailed geologic and ground-w ater rep o rt is being p re­
pared by H. G. H ershey, T. W. Robinson, and R. M. Jeffords. 
The detailed study of ground w ater in W ebster County, to  
determ ine the  recharge, movement, discharge, and quality  of 
w ater available, began in  A ugust 1942 and continued in te r­
m itten tly  through 1951. The w ork was s ta rted  under the 
general adm inistra tion  of the late O. E. Meinzer, Geologist in 
charge of the  Ground W ater Branch of the  U nited S tates 
Geological Survey, and was continued under the p resen t Chief 
of the Branch, A. N. Sayre, and was under th e  d irect supervision 
of H . G arland Hershey, D irector of the Iowa Geological Survey 
and S tate  Geologist.
In  W ebster County all the m unicipal w ater supplies a re  de­
veloped from  wells, and m ost of the w ater fo r fa rm  and industria l 
use is obtained from  ground-w ater sources. Inasm uch as some 
rocks comprise the w ater-bearing  beds and others form  b a rrie rs  
to  the replenishm ent of aquifers and res tric t the  movement of 
w ater, the  occurrence of ground w ater is related  directly to 
the geology. As the construction of wells is facilitated  if  the 
sequence of rocks a t  the well site  is known in detail, th is  report 
gives inform ation on the character, thickness, and ex ten t of the 
several rock un its in  the county.
Location and Extent of the Area
W ebster County is about 45 miles northw est of the center of 
the  S tate  (fig. 1 ). I t  extends from  the  south line of T. 86 N. to 
the  north  line of T. 90 N. and from  the east line of R. 27 W. to
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the west line of R. 30 W., and includes an area of 718 square 
miles. The rectangular outline of the county is broken by the 
offsetting of the two northern tiers of townships about 2 miles 
to the west of the southern tiers of townships.
Previous Investigations
The exposures of indurated rocks along the Des Moines River 
in Webster County were studied during some of the earliest 
geologic work in the State, when river transportation was one 
of the easiest means of travel. Studies of the gypsum included 
those of Owen (1852, p. 125-128), Hall (1858, p. 142), White 
(1868, p. 135-141), McGee (1884, p. 258), Keyes (1894, p. 197­
-211; 1895, p. 259-304), Wilder (1923, p. 47-535), and Lees (1924, 
p. 113-120). Studies of the coal were made by Worthen (1858, p. 
173-180), Hall (1858, p. 142), White (1870, p. 254-257, 293-303), 
and Keyes (1894, p. 197-211). Reports on the general geology 
and stratigraphy of Webster County were prepared by Wilder 
(1902, p. 185,186), Lees and Thomas (1919, p. 599-616), and Van
Figure 1.—Index map of Iowa showing Webster County and areas for 
which cooperative ground-water reports are in preparation. General in­
formation on ground-water conditions in each county of Iowa is given by 
Norton and others (1912). A continuing statewide program for the 
collection of data on the geology and ground-water conditions also provides 
basic information for most localities throughout Iowa. 
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Tuyl (1925, p. 282-284, 301-303). R eports p resenting  in for­
m ation on ground w ater in W ebster County were w ritten  by 
W ilder (1902, p. 1 8 5 , 186), N orton (1912, p. 188, 914-922; 1928, 
p. 80-90, 193-204, 206-210, 362; 1935, p. 321, 322), and Lees 
(1935, p. 372-375, 391-396). Analyses showing the m ineral 
character of some ground w aters in W ebster County, w ith  acompanying 
 well descriptions, a re  given in  a  rep o rt by the
 S tate  P lann ing  Board (1938, p. 118).
F luctuations of w ater level in observation wells in  the  county, 
together w ith data  from  other areas, a re  listed in W ater-Supply 
P apers of the U. S. Geological Survey (1944-51, Iowa section).
Methods of Investigation
The field w ork fo r  th is  rep o rt consisted of several parts. 
D ata  on well construction, geologic form ations penetrated , and 
production and use of w ater were collected fo r  about 350 wells, 
m ost of which obtain w ater from  relatively shallow uncon­
solidated w ater-bearing  beds. W ater samples w ere collected 
from  40 representative wells in the  county, and chemical analyses 
w ere made by the  Iowa Geological Survey in  the  w ater laboratory  
of the S ta te  H ygienic L aboratory  a t  Iowa City.
M easurem ents w ere made of the  tem pera tu re  of the  w ater, 
depth to w ater level, depth of well, yield, and draw dow n fo r 
m any of the  wells. M ore extensive tests  w ere m ade to  determ ine 
in terference effects between the  wells in the  F o r t Dodge city well 
field. W ater levels w ere m easured in  a  selected group of wells 
a t  3-month in tervals beginning in 1942, and an  autom atic re­
corder was installed in a  shallow well n ear H arcou rt to  obtain 
detailed inform ation  on the  fluctuations of w ater level. The ele­
vations of m any of the  wells w ere determ ined, largely by 
differential barom etric  leveling, so as to determ ine the  configura­
tion of the  surface of several geologic units.
Topographic m aps published by the  U. S. Geological Survey 
aided in establishing horizontal and vertical con tro l; the  Lehigh 
and F o rt Dodge quadrangles cover approxim ately the  eastern  
tw o-thirds of the  county. The general highw ay and tra n sp o rta ­
tion m ap of W ebster County of th e  Iowa S tate  H ighw ay Com­
mission w as modified to  produce base m aps fo r the  investigation.
The consolidated rocks, where exposed by stream  erosion of 
glacial m aterials, w ere studied principally  du ring  October and 
November 1949 and a t  in frequen t in tervals during  1950 and 
1951. The geology of the  consolidated rocks in  m ost o f W ebster 
County, however, had to  be worked out from  the  study  of drill
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cuttings and drillers’ logs. All well cu ttings obtainable in  Iowa 
a re  examined and plotted graphically  to scale in the  office as a  
routine phase of the  statew ide subsurface geologic studies.
Wells have been assigned num bers based on the public-land- 
survey divisions so th a t  in re fe rrin g  to a well i t  generally is 
unnecessary to  give a  description of its location. The num ber 
is in th ree  units separated  by hyphens. The first u n it represents 
the  tow nship num ber; the second un it represents th e  range 
num ber; the  th ird  un it represen ts the  section and the location 
of the  well in  a  40-acre tra c t  w ith in  the section. The subdivision 
of the section is represented by le tters  to  indicate the  40-acre 
tra c t in  which the  well is located, as  shown in  figure 2. I f  there
Figure 2.—Map of W ebster County illustrating the well-numbering system 
used in this report. The inset shows the method used in subdividing the 
section into quarter-quarter sections for indicating location of wells.
8 GEOLOGY AND GROUND-WATER RESOURCES
is more th an  one well in a  40-acre trac t, a  num ber is added a fte r  
the le tte r symbol. F o r example, well 90-29-23R2 represen ts the  
second well located in  the  S E  ¼ S E  ¼ sec. 23, T. 90 N., R. 29 W.
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History
The h isto ry  of W ebster County is reviewed comprehensively 
by P r a t t  (1913) and only a  b rie f  sum m ary is included here. 
P rio r  to  1850 there  were only a  few  widely scattered farm s in 
th is  p a r t  o f Iowa. The few  settlers, fea rin g  trouble w ith the 
Indians, requested protection of the  U nited S tates Arm y. As a  
result, a  m ilitary  post, named F o r t  Clarke, was established in  
1850 on high ground east of the  Des Moines R iver and south 
of Soldier Creek. The name of the post was changed to F o rt 
Dodge in  the  following year. The F o r t was abandoned in 1853, 
b u t i t  form ed the  nucleus fo r th e  city of F o rt. Dodge.
By 1852 the population of the  a rea  was reported  to  be 243, 
and need w as increasing fo r local governm ental organization. 
The General Assembly of Iowa provided fo r the  organization of 
W ebster County on Jan u ary  22, 1853, and the  first official action 
by the  county was taken  in May 1853. A dispute arose over the 
selection of a  county seat, bu t F o r t Dodge was selected in 1856. 
A year la te r  the county was reduced to  its  p resen t size when 
the eastern  tow nships were separated  from  i t  to form  H am ilton 
County.
Topography and Drainage
W ebster County is in  the  w estern  lake section of the  Central 
Lowland physiographic province of the  In te rio r P lains division 
(Fennem an, 1928), which is  composed o f young glacial plains, 
m oraines, lakes, and lacustrine plains. M ost of the county ex
hibits th e  constructional topography developed by the  deposits 
le ft by th e  la s t ice sheet th a t  invaded the  area. The land surface 
is very gently undulating over large areas (p l. 5A ) ; the  g rea test 
relief occurs in the  vicinity of the Des Moines R iver and the  
m ouths of tr ib u ta ry  stream s.
A  slightly  eroded upland a rea  includes a t  least 80 percent of 
the  a rea  of the  county and, in  general, ranges between 1,100 and 
1,200 fee t in altitude. The land surface is som ew hat h igher in 
the  w estern, northern , and extrem e southern  p a rts  of the  county 
th an  in  the  central and eastern  p a rts . Small m orainal hills of low 
relief (p l. 5C) extend across the  county along the  southern 
border and through the  no rthern  tw o-thirds of the  county. The 
hills in  the  la tte r  a rea , som ew hat h igher th an  the hills to  the south, 
increase in  relief tow ard  the north . Num erous shallow depres­
sions which form erly  contained w ater or m ud flats which greatly
GEOGRAPHY
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P LATE 5.— V IEWS OF UPLAND TOPOGRAPHY IN W EBSTER COUNTY. A , V ERY 
GENTLY UNDULATING SURFACE OF THE MANKATO DRIFT IN SEC. 1, T. 87 N., 
R. 29  W .; B , POND IN DEPRESSION ON THE MANKATO DRIFT SURFACE IN THE 
S E ¼ SEC. 5, T. 90 N., R. 30 W .; C , MORAINAL HILLS IN SEC. 26, T . 90 N.,
R. 29 W.
restric ted  farm ing  and ham pered travel occur on the upland 
area. D rainage works were well established by 1912 (P ra tt, 
1913, p. 253, 254), and only a few swam py areas now rem ain 
(p l. 5B).
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The Des Moines River, which is the principal stream , has 
cut a deep, narrow  valley from  where it en ters the county near 
the center of the northern  boundary to where it leaves the 
county near the eastern  end of the southern boundary. The valley 
is generally less than three-fourths of a mile in width, but 
locally, as near the junction with the Boone River in the southern 
p a rt of the county and also about 2 miles north of F o rt Dodge, 
it is more than a  mile wide. In  places, consolidated rocks form  
cliffs 50 feet high, and the relief between the river and the up- 
land a rea  is about 90 feet in the northern  p a rt of the county 
and about 220 feet in the southern p a r t  (p l. 6A ). The sand- 
stone bluffs extending about 8 miles along the river north  of Le- 
high, and now partly  included in Dolliver S tate Park , were 
noted especially by several geologists; Lees (1916, p. 516) s ta tes: 
“Below Kalo massive, yellow, cross-bedded sandstone form s 
the walls as fa r  as Lehigh, though covered along much of this 
distance w ith a veneer of d rif t. The bare rocky walls of the 
m aster gorge, presenting occasional vertical cliffs fo rty  to fifty 
feet in height, a re  exceedingly picturesque and make delightfully 
a ttrac tive  spots when fram ed in the verdan t m antle which 
clothes much of the floor and slopes of the valley. W ith the 
increasing depth of the gorge the picture becomes more charm - 
ing and where, as a t  Lehigh, the bluff rises a t one sweep 190 feet 
from  the w ater’s edge to the upland levels it is one which will 
be excelled with difficulty in the landscape of central Iowa.” 
Terraces, representing rem nants of the flood plain of the 
Des Moines River when it flowed a t higher levels, occur along
PLATE 6.—VIEW OF THE DES MOINES RIVER VALLEY IN THE SOUTHWESTERN 
PART OF THE COUNTY LOOKING NORTHEAST FROM THE NW ¼ SEC. 21, 
T. 86 N., R. 27 W.
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the  sides of the  valley, and a  relatively large one, approxim ately 
50 feet above river level, is preserved along the r ig h t bank about 
2 miles south of the Hum boldt County line. Additional terraces 
w ere noted in secs. 14, 23, and 26, T. 88 N ., R. 28 W., and along 
the  r ig h t valley wall near the junction  w ith Boone River.
The largest tr ib u ta ry  of the Des Moines R iver in the  county 
is L izard Creek, which has a  general southeasterly  trend  and 
a f te r  m aking a  series of right-angle tu rn s  flows eastw ard  into 
the  r iv e r a t  F o r t Dodge. South L izard Creek trends roughly 
parallel to  L izard Creek bu t sw ings northeastw ard  to  join Lizard 
Creek before the  la tte r  joins the  R iver. Both creeks have cut 
deep, narrow  valleys over much of th e ir  course in the county, bu t 
in  the  extreme w estern  p a r t  South L izard Creek m eanders on the  
surface of the d r if t  plain. Extensive high-level terraces about 
1,100 fee t above sea level and about 25 fee t below the  upland 
level ju s t  w est of F o r t Dodge a re  preserved along much of Lizard 
Creek and along the lower p a rt  of South L izard Creek (pl. 9 A ).
O ther tr ib u ta rie s  to the Des Moines R iver a re  Bass, Deer, and 
Badger Creeks in the no rthern  p a r t of the  county; Soldier, 
Gypsum, and Holiday Creeks in the  central p a r t ;  and  P ra irie , 
Crooked, B rushy, and Skillet Creeks in the  southern  p a rt. These 
sm aller stream s a re  deeply incised near th e ir  m ouths, bu t w ithin 
5 to 10 miles from  the  Des Moines R iver they become sluggish 
stream s, which, fo r the  m ost p a rt, have been stra ightened  and 
deepened artificially to  carry  off w ater from  tile  d ra in s on the 
ad jacen t fa rm  lands and to minimize flood damage. The Boone 
R iver jo ins the Des Moines R iver near the southern end of the 
eastern  boundary of the  county, b u t its  valley does not comprise 
an  appreciable a rea  in W ebster County.
The Des Moines R iver and its im m ediate trib u ta rie s  drain  
the en tire  a rea  except the southw estern p a rt, which is drained 
by the  southward-flowing W est and E a s t B u ttrick  Creeks, tr ib ­
u taries  of th e  Raccoon River. These stream s have developed only 
very shallow valleys in  the  d rif t.
The discharge of the Des Moines R iver w as m easured a t  
Kalo, about 7 miles dow nstream  from  F o r t Dodge, from  October 
1913 to  Septem ber 1929. The m ean daily discharge a t  the  gaging 
sta tion  a t  Kalo (C raw ford, 1942, p. 70) is given in  tab le  1.
Records of the flow of the Des Moines R iver and its  trib u ta rie s  
a re  given by the  Iowa S ta te  P lann ing  B oard (1935), C raw ford 
(1942 and 1944), and the U. S. Geological Survey (1952). These 
records include discharge m easurem ents on the  E a s t Des Moines
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TABLE 1. MEAN DISCHARGE, IN CUBIC FEET PER SECOND (cfs), 
OF DES MOINES RIVER AT KALO
A discharge of 1 cfs is equivalent to 448.8 gallons per minute (gpm).
Calendar year Discharge (cfs) Calendar year Discharge (cfs)
1914 999 1821 1,290
1915 3,870 1922 796
1916 1,890 1923 469
1917 1,560 1924 764
1018 1,200 1929 496
1919 2,220 1926 994
1920 2,160
River n ea r H ardy, the W est Des Moines R iver a t  Humboldt, 
both in  Hum boldt County, the  Des Moines R iver n ear Boone in  
Boone County, the  Boone R iver a t  W ebster City in Ham ilton 
County, and  L izard Creek near Clare in W ebster County. A 
recording gage w as installed a t  the  gaging  sta tion  a t  F o rt 
Dodge below the  m outh of L izard Creek in December 1949.
Climate
The following b rie f  sum m ary of climatic conditions in Webster 
 County is based on data  published by the  W eather Bureau, 
U. S. D epartm ent of Commerce. The clim ate is subhumid, the 
average annual precipitation a t  F o r t Dodge being 31.13 inches 
(fig. 3 ) , which is 0.34 inch below the average fo r the  S tate. The 
g rea test precipitation falls du ring  the m onths of May through 
Septem ber (fig. 4) averaging  about 4 inches in each of these 5 
months.
There is a large annual range in tem pera tu re  (fig. 4 ) , the 
ho ttest days occurring in  Ju ly  (m onthly average 74° F .) and the 
coldest du ring  December, January , and F ebruary , when the 
average m onthly tem pera tu res a re  below freezing.
The length of the  grow ing season (fig. 4) averages about 150 
d a y s ; the  last killing f ro s t in the sp ring  occurs in  A pril or May 
and the firs t in Septem ber or October.
Natural Resources and Related Industries
The principal n a tu ra l resources of W ebster County a re  surface 
and ground w ater, soil, gypsum, shale, coal, sand and  gravel, 
and limestone. Surface w ater and ground w ater a re  generally
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Figure 3.—Graphs showing (A) annual precipitation and (B) cumulative 
departure from mean annual precipitation a t  Fort Dodge, Iowa. (Basic 
data from records of the U. S. Weather Bureau.)
so abundantly  available, a t  relatively little cost, th a t th e ir  value 
as a  resource is often underestim ated. Surface w ater has been 
discussed briefly under the  heading of drainage, and  ground 
w ater will be discussed a t  length in  o ther p a rts  of the  report.
The soils of the county a re  very fertile  and together w ith  
proper drainage and the favorable climate m ake the  county a  
p a r t  of one of the  m ost productive farm ing  areas in  the  U nited 
States. F o r a  comprehensive discussion of the soils the  county 
the reader is refe rred  to  Stevenson (1918). The products re­
la ting  to  the  soil a re  discussed under the heading of agriculture.
The production and processing of gypsum  in Iow a is con­
fined now to a  small a rea  southeast of F o r t Dodge (pl. 7 ) . The 
gypsum  occurs p rim arily  as a  single bed, which has a  m aximum  
thickness of 30 fee t and crops out along the walls of the  Des 
Moines Valley and  a  few  of its  tr ib u ta ry  valleys in  and  south  of 
F o r t Dodge. U nder the  upland a rea  the gypsum  is overlain by 50
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Figure 4.—Graphs showing (A) average temperature by months, (B) 
average precipitation by months, (C) occurrence of first and last killing 
frosts, and (D) length of growing season a t F ort Dodge, Iowa. (Basic data 
from records of the U. S. W eather Bureau.)
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to 70 feet of shale and drift. The areal distribution of the gypsum 
as indicated by Wilder (1923, pl. 1) is shown in figure 5.
The gypsum has been obtained from hillside quarries, one 
drift and several shaft mines, and open pits. The trend has been
Figure 5.—Map of Webster County showing location of gypsum quarries, 
shale pits, sand-and-gravel pits, limestone mines, and former coal mines; 
also areas favorable for occurrence of coal and gypsum.
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tow ard the development of open pits, as m achinery capable of 
rem oving the overburden economically became available (pl. 7). 
More gypsum  can thus be obtained from an acre by stripp ing  
than from  mines, because in mines a considerable am ount m ust 
be left as pillars. No accurate estim ate of the reserves of gypsum
P LATE 7.— A , GYPSUM QUARRY IN THE N W ¼ sec. 26, T. 89 N., R. 28 W.,
SHOWING THE THICK BED OF GYPSUM AND THE SHALE AND DRIFT OVER
BURDEN; B , P LANT FOR MANUFACTURING GYPSUM PRODUCTS, L O C A T E D  
NEAR FORT DODGE, IOWA.
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is available, b u t W ilder (1923, p. 181) estim ated th a t  the  F o r t 
Dodge field could sustain  an  ou tpu t of 2 million tons a  year fo r 
75 years. This estim ate probably should be increased now because 
 of the  improved m ethods of recovery.
Five companies now mine and process gypsum  near F o r t 
Dodge, and tw o concerns sell crude gypsum, obtained as a  byproduct
 of  o ther quarry ing  operations, to the processing plants. 
Gypsum products include principally  p laster, plasterboard , wall- 
board, and construction blocks. The production of crude gypsum  
from  1895 to  1949 is shown in figure 6.
Figure 6.—Graphs showing production of coal and crude gypsum in Webster
County.
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Some shales of Pennsylvanian age a re  satisfactory  fo r the 
m anufacture of brick and tile, and several shale pits have been 
developed along the valley walls of the Des Moines River (p l. 8). 
Form erly, several brick and tile plants were located in F o rt
P l a t e  8.—A , BR O C K  A N D  T I L E  P L A N T  I N  T H E  D E S  M O I N E S  
V A L L E Y  S O U T H   O F  FORT DGESHWINK I L N S ; B , S HALE PIT WITH OPERATING PLANER  
BY WHICH RAW MATERIAL IS OBTAINED FOR MANUFACTURE OF CLAY PRODUCTS. 
(P h o to g rap h  by R. M. Jeffo rds.)
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Dodge, b u t the fou r p lan ts now in operation a re  in the  Des 
Moines valley south of F o r t Dodge (fig. 5 ).
W ebster County contains some of the m ost northerly  w ork­
able coal beds in  the S tate, and i t  form erly ranked h igh among 
the coal-producing counties; however, in recent years the produc­
tion of coal has been small (fig. 6 ).
M ost of the coal m ines w ere located along the valley walls of 
the Des Moines R iver between F o rt Dodge and a  point ju s t  south 
of Lehigh. H inds (1909, p. 34-54) divides the a rea  into seven 
m ining d istric ts  as follow s: F o r t Dodge, Kalo, Coalville, Holiday 
Creek (com prising the Coalville Basin of W ilder, 1902, p. 90), 
Otho, L innburg, and T a ra  d istric ts. The m ost productive areas 
w ere the Coalville basin and the Lehigh d istric t. W orkable thick­
nesses of coal probably occur outside the areas already developed, 
bu t extensive exploration work is needed to define localities. In  
general, the more favorable areas a re  south of F o rt Dodge, where 
coal-bearing Pennsylvanian rocks a re  thickest.
 Analyses of coals in  W ebster County a re  given in table 2. 
This table shows th a t coals from  W ebster County a re  sim ilar to 
o ther Iowa coals and, compared w ith  o ther low -rank bitum inous 
coals, a re  high in m oisture, volatile m atter, to tal combustibles, 
and su lfu r; bu t they a re  slightly lower in fixed carbon, ash, and 
calorific value. On the  basis of the  calorific value determ ined fo r 
the  coal from  the  Corey mine a t  Lehigh, the  coals fall into the 
high-volatile C bitum inous-coal class.
Sand and gravel a re  obtained principally  from  terraces along 
the  Des Moines R iver and L izard  Creek (p l. 9A) in  W ebster 
County, although some has been taken  from  th e  scattered 
kam es and eskers in  the  m ore hilly areas of the county. The 
m aterial is used fo r road surfac ing  and fo r concrete aggregate, 
b u t the content of shale pebbles is reported  to be too high fo r 
use in some types of concrete. The location of gravel p its  th a t  
a re  operating  and those known to have been operated is shown in 
figure 5.
The St. Louis lim estone and sandstones of Pennsylvanian age 
have been quarried  in  places along the Des Moines R iver and 
its  trib u ta ry , Soldier Creek. The rock was used locally fo r 
foundations and re ta in ing  walls. One of the more im portan t 
sandstone quarries was located in the N W ¼ N E ¼  sec. 14, T. 
88 N., R. 28 W. (Beyer and W illiams, 1907, p. 479, 480), w here 
about 15 fee t of sandstone w as w orked; a t  one tim e th is  was 
the m ost extensive sandstone q u arry  in the S tate. A t present,
TABLE 2. PROXIMATE ANALYSES OF COALS FROM WEBSTER COUNTY (after Lees and Hixon)
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Locality and sample Moisture
Total 
Combustibles Ash
Volatile
combus-
tible
m atter
Fixed
carbon
Coke— 
(fixed 
carbon 
plus ash)
Sulfur
Calorim-
etry
B.T.U. Authority
In
sulfides
In
sulfates Total
Collins mine No. 6. Coalville
7.48 84.06
8.44 39.53 44.54 52.99 4.98 0.26 5.24 G. E . Patrick
Collins mine No. 4, Coalville 7.80 82.88 9.32 37.74 45.14 54.46 3.97 0.12 4.09 do
Old Reese mine. Port Dodge 9.92 48.77 41.31 29.69 22.08 63.39 do
Carlson mine. Kalo 10.10 76.53 13.36 32.83 43.69 57.06 1.68 0.18 1.86 do
Craig Cannel mine, Kalo, cannel coal 5.87 78.26 15.87 39.04 39.22 55.09 6 .87 0.25 7.12 do
Craig, dope, Kalo, bituminous 8.46 81.37 10.17 37.97 43.40 53.57 5.19 0.10 5.29 do
Crooked Creek mine, Lehigh, top of seam 7.74 78.94 13.32 34.47 44.47 57.79 4.83 0.81 5.64 do
Crooked Creek mine, middle of seam 8.52 82.65 8.83 38.64 44.01 52.84 3.71 0.48 4.19 do
Crooked Creek mine, bottom of scam 8.57 81.86 9 .57 37.57 44.29 53.86 3.47 0.18 3.65 do
Crooked Creek mine shaft, Lehigh 6.99 76.66 16 .34 34.40 42.26 58.60 5.67 0.37 6.04 do
Corey mine, Lehigh 7.77 81.27 11.00 38.05 43.21 54.21 7.02 0.68 7.70 do
Corey mine, Lehigh 85.96 14.04 37.98 47.98 5.90 12,431 Iowa State College
Colburn mine, Fort Dodge 13.02 80.60 6.38 37.54 43.06 49.44 J . D. Whitney
Colburn mine, calculated on dried coal 92.66 7.34 43.16 49.50 56.84 do
Sec. 18. T . 88 N., R . 28 W .
Same, calculated on dried coal
14.95 77.87 7.18 34.98 42.89 50.07 0.81 do
91.56 8.44 41.13 50.43 58.87 do
S e t  13, T . 88 N., R. 28 W.
Same, calculated on dried coal
9.46 73.35 17.19 33.69 39.66 56.85 2.52 do
81.0 18.99 37.21 43.80 62.79 do
Rees mine, Fort Dodge
Same, calculated on dried coal
14.05 77.61 8.34 36.42 41.19 49.53 Rush Emery
90.32 9.08 42.38 47.94 57.62 do
Cannel  Coal. Sec. 17, T . 88 N,  R. 29 W .
Same,  calculated on dried coal
10.46 74.37 15.17 37.44 36.93 52.10 do
83.06 16.94 41.80 41.26 53.20 do
See. 17. T . 88 N., R. 28 W .
Same, calculated on dried coal
10.13 73.33 16.54 37.25 36.08 52.62 do
81.59 18.41 41.44 40.15 58.56 do
Collins mine, Coalville
Same, calculated on dried coal
13.91 78.83 7.26 37.00 41.83 49.09 do91.57 8.43 42.98 48.59 57.02 do
Cannel Coal, Rees mine, Fort Dodge
Same, calculated on dried coal
9.92 48.77 41.31 26.69 22.08 63.39 do54.14 45 .86 29.63 24.51 70.37 do
Average of county, 4 samples
Same, calculated on dried coal
12.14 76.04 11.82 37.03 39.01 50.83 do
86.64 13.36 42.15 44.49 57.85 do
Tyson seam, near Lehigh 12.70 77.03 10.27 44.12 32.91 5.33 Iowa State CollegeLehigh 17.47 70.94 11.59 31.35 39.59 4.87 do
Average of 10 7.83 80.65 11.52 37.23 43.42 5.08 do
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no sandstone or limestone quarries are  in operation, bu t lime­
stone for agricu ltural purposes, road surfacing, and concrete ag­
gregate is being produced from  a m ine w est of F o rt Dodge 
(p l. 9B ). Beds below the St. Louis limestone and above the Gil­
more City limestone a re  worked.
P LATE 9.— A , S AND AND GRAVEL PIT ON THE HIGH TERRACE IN THE VALLEY OF 
LIZARD CREEK NEAR THE CENTER, SEC. 14, T. 89 N ., R. 29 W ., SHOWING THE
FLAT SURFACE OF THE TERRACE AND INDICATING THE EXTENSIVE NATURE OF
THE DEPOSIT; B , T IPPLE OF LIMESTONE MINE AND  CRUSHING PLANT LOCATED 
IN THE N W ¼ S W ¼ SEC. 24, T. 89 N., R. 29 W.
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Beyer and W righ t (1914, p. 601) predict th a t  quarry ing  is not 
likely to  become an  im portan t industry  in the  county because of 
the poor quality of rocks and th e ir  lim ited availability.
Agriculture and Related Industries
A bout 94.4 percent of the  land a rea  in  W ebster County is in 
farm s (U. S. Census, 1940), although no t all th e  a rea  is culti­
vated. The principal crops a re  corn, oats, and soybeans (table 3 ), 
and a  small am ount of w heat, barley and rye a re  grown. The 
feeding and m arketing  of cattle and hogs is an  im portan t occu­
pation, and considerable milk is produced and sold to  cream eries 
in  the area. A large m eat-processing and packing p lan t is lo­
cated a t  F o r t Dodge, and a  few  concerns in the  locality m anu­
fac tu re  farm  equipm ent and anim al serum s.
Table 3.—Crops of Webster County, 1949.
(Data from Iowa Year Book of Agriculture, Iowa State Department 
of Agriculture, 1950.)
CROP ACREAGE
Corn ........................................................... 180,568
Oats ....................................................   105,519
Soybeans ....................................................  38,988
Hay, all kinds............................................. 18,557
Flaxseed ....................................................  1,600
Population
Only a  few  se ttle rs w ere in  W ebster County before 1850, bu t 
the population increased to  2,504 by 1860. To about 1900 the population 
 increased a t  a  relatively uniform  ra te  of about 750 a  year,
Figure 7.—Graph showing trend in population of Webster County (data 
from P ra tt, 1913, and U. S. Bureau of the Census reports).
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TABLE 4. POPULATION OP CITIES AND TOWNS IN WEBSTER
COUNTY
Population
1920 1930 1940 1950
Webster County 37 ,611 40,425 41,521 44,241
Cities and towns 24,336 26 , 097 27,770 30,053
    Badger 244 254 251 301
    Barnum 137 148 184 193
    Callender 376 349 377 387
Clare 259 254 232 179
     Dayton 830 713 732 793
Duncombe 442 354 341 378
Fort Dodge 19 ,347 21,895 22,904 25,115
Gowrie 895 1,059 1,028 1,052
Harcourt 307 204 282 303
Lehigh 1,090 996 1,004 881
Moorland 181 179 215 248
Stratford (part in Webster  County)
(total)
39 38 34 a.30
694 699 712 073
Vincent 182 104 102 193
to  a  to ta l of 31,775. Since 1900 the  increase has continued, b u t 
a t  a  slower ra te  (fig. 7 ) ;  by 1950 the population w as 44,241. 
(See table 4.)
F o r the  p a s t 30 years the increase in  population has been 
m ainly in the  cities, the  tow ns of the county showing no 
appreciable change (table 4 ) . The population of F o r t  Dodge 
has continued to  increase, and in 1950 the  city  ranked th irteen th  
in  the  S tate, w ith  a  population of 25,115. The population of the 
farm s and small unincorporated comm unities has changed only 
slightly, from  about 13,300 in 1920 to  about 14,200 in  1950.
Transportation
The county is served by six  railroads connecting w ith  larger 
cities to  the  north , east, south and w est (pl. 1 ). A  line of the 
Illinois C entral Railroad extends east-w est across the  county 
through Duncombe, F o r t  Dodge, and Barnum . The Chicago 
G reat W estern Railw ay crosses the  county in  a  northeast-south- 
east direction through  Vincent, F o r t Dodge, and M oorland. A 
line of the  Chicago & N orthw estern  Railw ay extends through 
S tra tfo rd , Dayton, H arcourt, and Gowrie in  the  southern  p a r t 
of the county. The F o r t Dodge, Des Moines & Southern Railw ay 
begins a t  F o r t  Dodge and extends through  Lehigh, H arcourt, 
and Gowrie. The M inneapolis & St. Louis Railw ay has tw o lines 
in the  county, one extending from  the  no rth  county line south­
w ard th rough  B adger to  F o r t Dodge, and th e  o ther crossing 
the  w estern  p a r t  o f the  county through Clare, M oorland, Callen­
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der, and Gowrie. The Chicago, Rock Island, & Pacific Railroad 
crosses the  southw estern p a r t  of the county through Gowrie.
U .S .  H ighw ay 20 extends in a  general east-w est direction 
th rough  Duncombe, F o r t  Dodge, and Moorland, and U. S. H igh­
w ay 169 is a north-south  highw ay extending through  H arcourt 
and F o r t  Dodge. S ta te  H ighw ay 5 s ta r ts  a t  F o r t Dodge and ex­
tends w estw ard near Barnum . S tate  highw ays also link the  
towns of the county w ith  the  tw o Federal highways. N early all 
the  county is traversed  by section-line roads, m any of which a re  
graveled.
F o rt Dodge has regu lar a irline  service from  an  a irp o rt located 
no rth  of the  city. 
A pipeline carry ing  n a tu ra l gas has been laid through  the  
eastern  p a r t  of the  county, and a  branch  line serves F o r t Dodge.
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Rocks a re  defined as the aggregates of m inerals form ing  the 
c rust of the earth . U nder th is  broad definition there  a re  th ree  
main classes of rocks, subdivided according to  differences in  
origin, composition and tex tu re. Igneous rocks have th e ir  origin 
in molten masses th a t  rise and solidify n ear o r a t  the  surface 
in various form s. Sedim entary rocks a re  form ed by the  physical 
accumulation of particles transported  and deposited by various 
means, by precipitation from  solution, or from  organic rem ains. 
M etam orphic rocks a re  form ed from  the a lteration  of sedimentary 
 and igneous rocks by p ressure  and heat.
A lthough sedim entary rocks quantitatively  constitu te only a 
small frac tion  of the  rocks in  the  ea rth 's  crust, they  form  a  
thin, in terrup ted  m antle over the  more abundan t igneous and 
m etam orphic rocks. Because of th e ir  easily accessible position 
and chemical and physical p roperties they have g rea t economic 
im portance. The composition and tex tu re  of sedim ents depend 
upon the conditions under which they w ere deposited ; thus  they 
may be very heterogeneous even w ith in  small areas o r uniform  
over large areas.
As sedim ents continue to be deposited, la te r  layers a re  super- 
imposed on earlie r form ed ones. This superposition combined 
w ith the preservation of rem ains of p lan ts and anim als showing 
different stages of evolution form s the  basis of th e  geologic 
tim e table.
Once deposited, the sedim ents a re  subjected to o ther geologic 
processes, tim e again  being a  fac to r in  the  am ount of change 
they undergo. They a re  frequently  compacted and consolidated; 
folded and fau lted ; uplifted, w eathered, and eroded; and  sub­
m erged and covered by new sedim ents. The sum  to tal of these 
processes is the  s tra tig rap h ic  column o f today. Differences in 
the ra te  and duration  of deposition and erosion a t  various places 
account fo r the  m arked differences in the  geologic section from  
place to place. Study of the resu lts produced and the  processes 
involved constitutes an  im portan t p a r t  of the science of geology.
Summary of Stratigraphy and Geologic History
Pre-C am brian igneous and m etam orphic rocks com prising 
the basem ent complex underlie W ebster County a t  depths prob­
ably less th an  3,000 feet. The basem ent complex is overlain by a  
succession of stratified  sedim entary  rocks th a t  range in  age from  
pre-C am brian to  Cretaceous. The lithologic details of these
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s tra ta  a re  known from  well cu ttings and outcrops and a re  given 
in table 5. The area l d istribu tion  of these rocks on a  pre-Pleis- 
tocene erosion o r bedrock surface is shown on plate 1.
Unconsolidated Pleistocene deposits, largely o f glacial origin, 
occur a t  the  surface over m ost of W ebster County and lie unconformably 
 on the  older indurated, stratified rocks. The unconformable 
 relationship  and the  general thicknesses of a ll th e  formations 
 a re  shown by m eans of cross sections through W ebster 
County (p ls. 3 and 4 ) .
The s tra tig rap h ic  nom enclature used in  th is rep o rt is th a t  
used by  the  Iowa Geological Survey and  does not necessarily 
agree w ith  the nom enclature used by the  U. S. Geological Survey.
TABLE 5. GENERALIZED SECTION OF THE GEOLOGIC FORMATIONS IN WEBSTER COUNTY, IOWA
System Series Subdivision Thickness
(feet)
Physical character W ater supply
Quaternary Pleistocene
Recent 0-30 Thin alluvial sand and gravel deposits in the Des M dses 
River valley. Peat and sand in depressions on till.
No large supplies are developed a t  present. Yield water to 
a  few farm and domestic wells in valley.
Wisconsin stage 0-125 Till and some sand and gravel, generally in narrow mean- 
dering channels. Extensive terrace sand and gravel.
Small supplies are developed for farm supply on the upland 
over most of county. Large yields possibly can be devel­
oped in larger channel deposits. Terrace gravels contain 
water.
Sangamon stage 
Illinoian stage 
Yarmouth stage
0-10 Loess, leached, probably occurs as scattered masses. Yields negligible quantities.
Kansan stage 0-50 Till, sand and gravel. Sand and gravel yield small supplies.
Aftonian stage 0-20 Gravel,  leached, as isolated remnants. Restricted extent precludes major development.
Nebraskan stage 0-40 Brown till, partly leached, some sand and gravel, partly 
leached.
Sand and gravel yield some water; larger amounts in larger 
channels.
Cretaceous
Undifferentiated beds 0-400 Shale and some limestone and sandstone in northwestern 
part of county.
Thin beds of sandstone may yield some water, but no wells 
known to be finished in these rocks.
Dakota sandstone 0-30 Sandstone, sand and gravel in west-central part of county; 
thick sandstones, shales and some lignite in northwestern 
part.
Yields moderate quantities of water to wells in west central 
and northwestern part of county.
Permian (?) Fort Dodge formation 0-70 Red, gray and green calcareous silty shales and fine-grained 
sandstone; gypsum; thin basal conglomerate of lime-
stone pebbles.
Unimportant source of water. Known only to yield water 
to one well in western part of county.
Pennsylvanian Desmoinesian Undifferentiated beds 0-230 Predominantly shale containing some sandstone. Farm supplies are obtained from sandstone in southern part 
of county and from channel sandstone in eastern part of 
county.
Meramecian
Ste. Genevieve 0-70 Green and red calcareous clayey shales. Yields little water to wells. S hales are cased to prevent caving.
St.  Louis limestone 0-60
Buff and beige sandy limestone and dolomite; sandstone, 
calcareous medium-grained, frosted grains ; some gray 
shale. Unevenly bedded.
Yields small to  moderate supplies.
Osagian Undifferentiated beds 40-100
Dark-brown dolomite; gray shale; gray argillaceous lime- 
stone and dolomite in lower part; some glauconite and 
chert.
Yields small to  moderate supplies locally. Shale generally 
must be cased off.
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TABLE 5. GENERALIZED SECTION OF THE GEOLOGIC FORMATIONS IN WEBSTER COUNTY, IOWA—Continued
Mi s sisippian
Kinderhookian
Gilmore City limestone 85-125 Cream sublithographic and oolitic limestone. Yields small to  moderate supplies locally.
Hampton formation 130-210
Buff to  brown dolomite (Iowa Falls member), cream lime
stone (Eagle City member), and brown dolomite contain
ing grayish to  white chert (Mayses Creek member).
Yields small to  moderate supplies generally.
Undifferentiated beds 20-45 Siltstone and gray shale. Yields no water.
Aplington dolomite 0-15 Buff to brown dolomite containing some chert. Yields little water.
Devonian
Upper Devonian
Sheffield shale 0-20 Green and gray d o lomitic shale. Yields no water.
Lime Creek shale 
Shellrock limestone 
Cedar Valley limestone
350-550 Predominantly cream dolomite containing limestone and 
shale beds near top and base; Cedar Valley limestone may 
contain some gypsum in southeastern part of county.
Lime Creek and Shellrock may yield small amounts of wafer. 
Cedar Valley limestone may yield moderate supply. Water 
probably very  hard and mineralised in southeastern part 
of county.
Middle Devonian Wapsipinicon limestone 80-125 Buff to  brown dolomite, locally argillaceous; near base may 
contain shale and brown to  black detrital chert; probably 
contains some gypsum in southeastern part of county.
Yields moderate amount of water to deeper wells. Water 
may be very hard.
Ordovician
Cincinnatian Maquoketa  shale 50-150 Cherty, argillaceous dolomite; small amount of calcareous 
shale.
Probably yields small amount of water to  deep wells.
Mohawkian
Galena dolomite 125-200
Buff to  brown dolomite (Dubuque and Stewartv ille mem
bers) containing dull white chert in lower part (Prosser 
member),
Probably would not yield substantial amount of water.
Decorah shale
125
Calcareous gray shale and gray and black mottled limestone 
(Ion dolomite member); gray to  brown limestone and 
dolomite (Guttenberg limestone member); green shale 
with black fossil fragments (Spechts Ferry shale member).
Probably yields little water. Shales generally must be cared 
off.
Platteville limestone
Light-brown sublithographic limestone (McGregor limestone 
member); green and brown dabby shale (Glenwood shale 
member).
Probably yields little water. Shales generally must be cased 
off.
Charyan S t . Peter sandstone 55-65 Medium-grained sandstone. Generally yields moderate amount of water.
Beekmantownian Prairie du Chien 
formation 275-350
Sandy dolomite in upper p a r t (Shakopee dolomite member); 
sandstone and sandy dolomite in middle part (Root  Val
ley sandstone member); cherty dolomite in lower part 
(Oneota dolomite member).
This formation together with underlying Jordan sandstone 
yields large quantities of water a t  Fort Dodge and could 
be developed elsewhere in the county by means of deep 
wells.
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TABLE 5. GENERALIZED SECTION OP THE GEOLOGIC FORMATIONS IN WEBSTER COUNTY, IOWA—Continued 30
System Series Subdivision Thickness
(feet)
Physical character Water supply
Cambrian St. Croixan
Iordan sandstone 40-65 White, fine- to  medium-grained frosted sandstone; dolomite 
in part hu t generally very loosely cemented.
Yields large supplies of water. Yields commonly are increased 
by shooting.
St. Lawrence formation 80-90 Fine-grained, sandy dolomite; trace of silt; glauconitic in 
lower part.
Yields small amounts of water in county, but large supplies 
in central and eastern Iowa.
Franconia sandstone 230-260 Gray glauconitic dolom itic silts tone and gray glauconitic and 
buff limestone; some dark-green shales and glauconitic 
beds.
Probably yields little water.
Dresbach formation 130-160
Very silty glauconitic limestone, some green shale (Eau 
Claire member); lower beds are fine- to coarse-grained 
frosted sandstone (M t. Simon sandstone member).
Lower sandstone yields small quantities; water seems to con
ta in  objectionable concentration of chloride.
pre-Cambrian
Undifferentiated red beds 2 0+ Dark-red dolomitic soft flaky shale. Probably do no t  yield water. Shales cave and require casin g .
Undifferentiated igneous 
or metamorphic rock Hard crystalline rocks. Probably will yield no water.
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Proterozoic Era
Few  wells in W ebster County have penetrated  rocks older 
th an  those of Cam brian age, and therefore  little  is known about 
pre-C am brian geology in the county. Red sandstones and shales, 
commonly refe rred  to  as the “red clastics,” have been en­
countered in  deep wells in  Iowa and provisionally have been 
assigned to the pre-Cam brian. They a re  commonly arkosic and 
probably w ere derived from  erosion o f g ran itic  pre-C am brian 
rocks. The stratified deposits a re  probably th in  and discon
tinuous in m ost of northw estern  Iowa. Basic igneous o r m eta
m orphic rocks, possibly of pre-C am brian age, a re  believed to  
underlie some areas in northw est Iowa.
Paleozoic Era
Sediments of E arly  o r Middle C am brian age probably never 
were deposited in  Iow a or w ere rem oved by erosion before L ate  
Cam brian tim e. D uring  L ate Cam brian tim e the  land had sub­
sided and most, i f  no t all, of Iow a w as invaded by a  sea. E x­
tensive deposits of sand and s ilt represen ting  th e  St. Croixan 
series accum ulated in  eastern  Iowa, b u t in  W ebster County the 
series is th inner and  includes mostly silt, shale, and limestone. 
Deposition continued w ithout a  conspicuous in terrup tion  into 
the Ordovician period, when the  sedim ents th a t  w ere la te r  con
solidated into the  limestone, dolomite, and sandstone of the 
P ra ir ie  du Chien group w ere laid down. U plift and p a rtia l 
erosion of these sedim ents occurred p rio r to  the  m arine in
vasion in  E arly  Ordovician tim e in which the  sands composing 
the  St. P e te r sandstone w ere deposited. A fte r periods of non
deposition and possible up lift and erosion, the  seas covered the  
a rea  aga in  in  Middle Ordovician tim e and deposited shales and 
limestones com prising the P lattv ille  limestone and Decorah 
shale and the  Galena dolomite. The M aquoketa shale, which is 
represented by argillaceous limestone and dolomite in  W ebster 
County, was deposited during  the  L ate  Ordovician.
Rocks laid down during  the  S ilurian  period and preserved in 
southw estern, central, and no rtheaste rn  Iowa a re  absen t in  
W ebster County. I f  deposited here, they w ere removed by 
erosion during  the  early  p a r t  of the Devonian period.
The land was nex t inundated probably du ring  th e  Middle 
Devonian, and w ith  several in terrup tions in  deposition, limestone 
w as deposited during  Middle and L ate  Devonian tim e. These 
deposits comprise the W apsipinicon, Cedar Valley, Shell Rock,
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and Lime Creek form ations. N ear the  close of the  Devonian 
period argillaceous sedim ent (Sheffield form ation) w as being 
deposited in  the  seas in  Iowa, and sim ilar sedim ents (M aple 
Mill shale) continued to  accum ulate also du ring  the  E arly  
M ississippian. Lime became the  dom inant sedim ent deposited 
in the  seas during  the rem ainder of the  lower and middle 
M ississippian, although there  w ere m any transgressions and 
regressions of the  sea. These lim estone sedim ents now m ake up 
the  Kinderhookian, Osagian, and M eram ecian series in  m ost of 
Iowa. No evidence rem ains of deposition during  late M ississip- 
p ian  time.
D uring  much of Pennsylvanian tim e deposition occurred in 
shallow seas or swamps. Conditions w ere favorable fo r  the  ac- 
cum ulation of thick deposits of vegetation which w ere preserved 
and gradually  a ltered  to  coal w hen covered by younger sedi- 
m ents. N orthern  W ebster County now represents the  no rthern - 
m ost lim it of continuous beds of th e  “Coal M easures” in  Iowa. 
Deposition during  the  Pennsylvanian w as not continuous, bu t 
there  appear to  have been cyclic movements of the  land w ith 
relation to  the  sea of relatively  small m agnitude. These sedi- 
m ents in  W ebster County a re  a  p a r t  of the  Desm oinesian series 
of early  Pennsylvanian age. Fusulinids of V irgilian age occur- 
rin g  as de trita l fragm ents in  the  F o r t  Dodge form ation  (Moore 
and others, 1944, p. 692) suggest th a t younger Pennsylvanian 
sedim ents w ere deposited in  the  a rea  b u t w ere removed by 
erosion.
The seas a re  in fe rred  to  have covered a  p a r t  of Iowa during  
the  Perm ian  period. The F o rt Dodge form ation represen ts the  
only known outlier of these sedim ents in Iowa (W ilder, 1923, p. 
171-173).
Mesozoic Era
A fter the  w ithdraw al of the  Perm ian  seas, the  land seems to  
have been uplifted and the  existing sedim ents w ere subject to  
erosion until the Cretaceous period, when seas probably invaded 
Iowa from  the  west. The older sedim ents of th is  period seem to 
be near-shore deposits, b u t as th e  sea advanced fa r th e r  into 
Iowa, sandstone, shale, and lim estone w ere deposited. W ith  the  
recession of the seas, erosion again  occurred, and the  deposits 
o f the  Cretaceous period w ere removed in  p a r t  from  the  county. 
In  the  northw estern  p a r t  of W ebster and ad jacen t counties an  
abnorm ally th ick  sequence of s tra ta , probably Cretaceous in  age, 
w as deposited in  a  sm all a rea  refe rred  to  as  the  M anson area.
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Cenozoic Era
E rosion dom inated over deposition in  the area  du ring  the  tim e 
betw een the  L ate  Cretaceous and the Pleistocene, and erosion 
d rainage  p a tte rn s  became well defined. W ith  th e  encroachm ent 
of Pleistocene continental glaciers from  the  north , these drainage 
channels w ere filled w ith  sand and gravel and finally w ere over- 
ridden by the ice. M elting of th e  ice le ft till over the  surface, 
and nearly  all th e  sm aller and  m any of th e  la rg e r  pre-Pleistocene 
valleys w ere obliterated. Six separate  ice sheets invaded Web­
s te r  County and the a rea  to the  north , and each successive con­
tinen ta l glacier partly  overrode the  earlie r form ed deposits or 
incorporated them  as a  p a r t  of its  sedim ent load to form  the  next 
succeeding till. M elt w ater also tended to  remove the  earlie r de­
posits. I t  is no t surprising , therefore, th a t  the  relationship  of 
older tills and in terglacial deposits a re  n o t often clearly shown 
w here they  occur beneath a  younger till. W ind-blown silts from  
large r valley areas probably accum ulated locally on the  till su r­
face in  W ebster County.
The p resen t valleys have been developed largely by erosion 
during  the  Recent stage of the  Pleistocene. On the uplands sand, 
clay, and organic m atte r tended to  fill in  the  shallow depressions. 
Some of these now a re  represented by deposits of peat or peaty 
soils.
General Structure
Movement of the  land o r change in  sea level resu lts  in  ele­
vation o f land above sea o r low ering i t  fa r th e r , bu t it  does not 
necessarily affect each locality to  the  sam e degree. I t  resu lts in 
th icker accum ulation of sedim ents in  low places and m ore rapid  
erosion of th e  h igher areas. In  addition, stresses in the  ea rth ’s 
c ru s t resu lt in local folding and shearing. Thus, the  present 
configuration of a  single form ation m ay reflect movem ent th a t 
occurred m any tim es a f te r  the  bed w as deposited, the effects of 
erosion, and the environm ent under which i t  w as deposited.
The Paleozoic rocks of W ebster County a re  folded into a  very 
broad and gently sloping trough, plunging generally southw ard 
b u t w ith  sligh t flexures and o ther s tru c tu ra l modifications.
One of th e  m ost peculiar s tru c tu ra l problem s in  Iow a involves 
a  small a rea  (the  M anson area) in  Calhoun, Pocahontas, Hum ­
boldt, and W ebster Counties w here predom inantly shale deposits 
extend to  an  unknown depth below the  ad jacen t lim estone and 
dolomite s tra ta , which a re  in  norm al s tru c tu ra l and s tra ti­
graphic positions.
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The Fort Dodge Fault
Keyes (1916, p. 106-112) presents evidence gathered from  
exposures along Soldier Creek and the  Des Moines R iver valley 
which suggests fau lting  in the vicinity of F o r t  Dodge. H e infers 
th a t  th e  fau lt extends southw estw ard from  the  vicinity o f 
Clarion in  W righ t County to W all Lake in  Sac County, a  distance 
of about 80 miles, and he a ttr ib u tes  th e  preservation of th e  F o rt 
Dodge form ation to  th e  fau lting  in  the  area. Lees (1924, p. 113- 
120) suggests, however, th a t  th e  s tra ta  w ere  deposited in  an 
erosional basin  unaffected by any fau lting  in  lower beds.
A dditional da ta  now available confirm the  fau ltin g  in  the  F o rt 
Dodge a re a  and indicate th a t  a  small g raben  tren d in g  E N E  ex- 
tends through p a r t  of the  F o r t Dodge well field (fig. 8 ) .
The no rth  fau lt which form s th e  n o rth  side of the  graben is 
defined approxim ately fo r about 2 miles by exposures between 
South L izard  and Soldier Creeks. On South L izard Creek in  
the  center of S E ¼ SW ¼  sec. 23, T. 89 N., R. 29 W., th e  St. Louis 
limestone is exposed fo r  m ore th an  20 feet above the  stream  in 
a  bluff along th e  le ft bank of the  creek and dips dow nstream  to 
the north . The form ation term inates abruptly  on the  south, how-
Figure 8.—Bedrock geologic map showing the distribution o f consolidated 
rocks a t  F o rt Dodge and the location of the F o rt Dodge fa u lt
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ever, and is in fau lt contact w ith  the  F o rt Dodge form ation, the 
shales and sandstones of which a re  exposed a t  about the  same 
altitude. F a r th e r  east, in  the S ½  sec. 24, T. 89 N., R. 29 W., shales 
of the  Ste. Genevieve limestone a re  exposed near the  heads of 
tw o small ravines leading south from  L izard Creek. F a r th e r  
headw ard, shale and sandstone of the  F o rt Dodge form ation are  
exposed a t  only slightly  h igher altitudes.
The no rth  fau lt plane, which strikes N . 66° E . and dips 66° 
S., is exposed in th e  m ine workings of the  F o r t  Dodge Lime- 
stone Co., w here m ineable lim estone in the  undifferentiated beds 
o f the  Osagian series is brought into contact w ith  the  shale 
of the Ste. Genevieve limestone. The fau lt extends eastw ard  be- 
neath  S ta te  H ighw ay 5, where its  occurrence is indicated by the  
relative positions of outcrops o f  shale of the  Ste. Genevieve lime- 
stone and clay and sandstone of the  F o r t  Dodge form ation  in  the  
NW¼  sec. 19, T. 89 N., R. 28 W. Still fa r th e r  east, in  the  valley 
of Soldier Creek, is additional evidence fo r the  position of the  
north  fau lt as described by Keyes (1916, p. 110).
The south fau lt which form s the  south side of the  graben is 
known definitely only in the  F o r t  Dodge city well field. The fau lt 
plane, which dips northw ard , w as in tersected  by city well 15.
The tw o faults, which extend to  known depths in excess of
1,000 feet, and probably well into the basem ent complex, define 
a  wedge-shaped graben w ith m axim um  stra tig rap h ic  displace- 
m ents, as indicated by the M ississippian s tra ta , rang ing  from  175 
fee t on the south to 250 fee t on the north . Pennsylvanian rocks 
in the graben m ay not have been displaced an  am ount equal to  
th a t  of the  underlying M ississippian rocks as the  overlying F o rt 
Dodge form ation  has been displaced less th an  50 to  75 feet.
The position of the fau lt system , which is downthrown on the  
south about 75 feet, is known definitely only in the im m ediate 
vicinity of F o r t Dodge, bu t it  m ay continue fo r m any miles as 
suggested by Keyes. The graben  seems to  pinch out w ith in  a 
sho rt distance of F o r t Dodge.
The very large yields obtained from  wells drilled near the 
fau lts  in  the F o rt Dodge city well field suggest th a t  th e  perm ea- 
bility  of the  limestone and dolomite ad jacen t to  the  graben  has 
been increased greatly  by brecciation o r solution resu lting  from  
the faulting.
The Manson Volcanic Basin
A n elliptical a rea  about 25 miles long and 18 m iles wide, pos- 
sibly a  cryptovolcanic s tru c tu re  o f the  type discussed by B ranca
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and F ra as  (1905), exists in the  Pocahontas-Calhoun-Hum boldt- 
W ebster County a rea  (fig- 26). I t  contains an igneous o r m eta- 
morphic-rock core, as does the Decaturville s tru c tu re  in M issouri 
(Bucher, 1936, p. 1071; comment by T a rr, p. 1084). Details of 
the  s tru c tu re  have no t been worked out because the  a rea  is cov- 
ered by glacial d rif t, and only a  small num ber o f wells have 
been drilled to  date. However, the  well cu ttings indicate th a t  the  
regional s tru c tu re  is abruptly  broken by fau lting , which has 
produced a  roughly circular s tru c tu ra l basin. Outside th e  basin, 
the  section penetrated  by wells generally consists of Pleistocene 
d r if t  and Paleozoic s tra ta . (See log of well 89-30-11R1.) W ithin 
the  basin, wells penetrate the Pleistocene d r if t  and then  appar- 
ently continue in Cretaceous s tra ta  to  about 600 feet. (See log 
of well 89-30-2Q1, p. 236.) Below th is  the deeper wells penetrate  
about 900 feet of red arkosic sandstone, siltstone, shale, and an 
occasional dolomite of undeterm ined age. (See log of well 90-30- 
4E1.) However, n ear the  center of the  s tru c tu re  (w estern  tie r  
of sections of T. 90 N., R. 31 W .) wells encounter igneous rock 
consisting largely of microcline feldspar or basic tuffaceous rock 
a t  a depth of a few  hundred fee t and in places less th an  100 feet. 
T h a t the  crystalline rock continues to  considerable depth is 
shown by a  well in the NW ¼  sec. 35, T. 90 N., R. 32 W., which 
entered it  a t 389 feet and finished in i t  a t  874 feet.
The Cretaceous s tra ta  in  the  outer depressed p a r t of the struc- 
tu re  crop ou t only in the N E ¼ N E ¼ S E ¼  sec. 11, T. 89 N., R. 
30 W. H ere along the rig h t bank of L izard Creek im m ediately 
upstream  from  the bridge over the  stream , a few fee t of g ray  
micaceous shale, represen ting  th e  upper p a r t  of the  s tra ta , is 
exposed a t  low -w ater level. The shale contains fish scales and 
poorly preserved cephalopods.
W hether a norm al sequence of Paleozoic s tra ta  underlies the 
struc tu ra l basin is unknown, as is the total thickness of the  crys- 
talline rock. However, a  1,532-foot well in the  N W ¼  sec. 35, T. 
89 N., R. 31 W., in Calhoun County, located outside the  central 
core, did not penetrate  the Paleozoic rocks around the faulted  
area. A core was obtained from  portions of the section penetrated  
by th is well. The rocks show a  g rea t deal of contortion and brec- 
ciation and indicate th a t  thicknesses of s tra ta  in the  disturbed 
a rea  probably do not represent tru e  thickness of the s tra ta  where 
undisturbed.
Bucher (1936, p. 1080, 1081) noted th a t  cryptovolcanic struc- 
tu res  in Am erica lie on the  flanks of large swells. The M anson
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struc tu re  occurs near the a rea  w here the Paleozoic s tra ta  rise  
abruptly  to  the northw est from  the synclinal basin which form s 
the  principal s tru c tu ra l fea tu re  in  the Paleozoic s tra ta  of Iowa.
The age of the  s tru c tu re  has not been determ ined; however, 
some of the  movement m ust have been as recent as Cretaceous 
tim e as rocks of th is  age a re  involved. The age of the  igneous 
m ateria l also is unknow n; i t  could be Cretaceous o r younger, o r it  
m ight represen t an  u p th ru s t a rea  of the  pre-C am brian basem ent 
complex. No contact m etam orphism  h as  been observed in  the  well 
cuttings of the sedim entary rocks n ear the  igneous m aterial. 
Bucher (1936, p. 1079, 1080) believes th a t differentiation of 
basic o r possibly alkaline, m agm as, such as has given rise to  the  
basic dikes in the  central plateau region of the  U nited States, 
would form  purely feldspathic or even pure quartz  rocks. He also 
sta tes th a t  the ascent of basic m agm as has taken place during  
periods of orogenic re s t— of “anorogenic” tim es. This factor 
should be considered in  assigning an age to  the  M anson structu re .
Core drilling  and airborne-m agnetom eter surveying in  prog- 
ress in Septem ber 1953 m ay help to  c larify  the s tru c tu ra l and 
s tra tig raph ic  details o f the  M anson volcanic basin.
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Principles of Occurrence
W ater th a t  occurs below the  ea rth 's  surface is called sub- 
su rface w ater. This discussion of th e  principles governing the  
occurrence of ground w ater, which is the  w ater in  th e  zone of 
satu ration , considers the conditions in  W ebster County in  partic- 
u lar bu t also presents general d a ta  on the  occurrence of ground 
w ater. F o r g rea te r  detail the  reader is  refe rred  to  the  au tho rita - _ 
tive trea tm en ts  of th e  subject by M einzer (1923, a  and b ) and 
N orton and others (1912).
N early all rocks w ith in  practical drilling  depths contain open- 
ings or voids which m ay vary  in size from  microscopic to cavern- 
ous, depending on the composition, compaction and cementation, 
tex tu re, and s tru c tu re  of the  rock. Clastic sedim ents usually 
have openings between the  g rains of m ateria l m aking up the rock 
(fig. 9 ). This rock characteristic  o f containing voids is  referred  
to  as porosity and is reported  as the  percentage of void volume 
to  th e  to tal volume of rock.
Figure 9.—Diagram showing the nature of interstices in several types of 
rocks. A, Well-sorted sand having open pores; B, Well-sorted sand having 
pore spaces partially filled with cement; C, Well-sorted sand having pore 
spaces closed by cement; D, Very poorly sorted material (till); E, 
Calcareous rock having well-developed solution opening; F , H ard rock 
having porosity caused by jointing. (From  Hershey, Robinson, and Jeffords, 
ms. in preparation, a fter Meinzer, 1923a.)
GROUND W ATER
OF WEBSTER COUNTY, IOWA 39
Limestones m ay have in te rstitia l openings or be dense. They 
m ay also contain openings up to  cavern size which have resulted 
from  solution, commonly along frac tu res. Igneous and m etam or- 
phic rocks generally contain few  openings; however, some 
porosity results from  w eathering, vesicles caused by gas 
bubbles in  lavas, and jo in ting  due to contraction on cooling or 
o ther types of frac tu ring .
The openings in rocks generally a re  filled w ith  w ater from  
a  sho rt distance below the land surface to  various depths. This 
zone is called the  zone of satu ration , the  upper surface of which 
is called the w ater table. W ater in  the  zone o f sa tu ra tion  general- 
ly is no t s ta tic  b u t moves from  places of h igher hydrostatic  head 
to  places of lower hydrostatic  head. The points of lowest head 
a re  in  areas where ground w ater is being discharged either a r t i- 
ficially through wells o r na tu ra lly  by springs o r evaporation. 
In  the  zone of aeration, which lies between the  zone of sa tu ra tion  
and the  land surface, the openings in  the  rocks usually contain 
a ir  and  w ater. T his zone consists typically of th ree  p a rts , the  
belt of soil w ater, the interm ediate belt, and the capillary fringe  
(fig. 10).
Figure 10.—Diagram showing divisions of subsurface water. (From Her- 
shey, Robinson, and Jeffords, ms. in preparation, after Meinzer, 1923b.)
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The belt of soil w a te r is the  p a r t  of the  lithosphere, im­
m ediately below the land surface, from  which w ater is discharged 
into the  atm osphere in large quantities by the  action of p lan ts 
or by soil evaporation, and when the  quan tity  received is too 
g rea t to be held by cohesion and adhesion a  p a r t  seeps downward.
W ater in the  in term ediate belt is p a rtly  in  tra n s it  downw ard 
into the zone of sa tu ra tion  and is p artly  draw n by molecular 
a ttrac tion  into the capillary interstices. W ater in the  capillary 
fringe  is continuous w ith  w ater in  the zone of sa tu ra tion  bu t 
is held above the w ater table by capillarity  acting  against 
g rav ity . The height to  which the  capillary fringe  extends above 
th e  w ater tab le  depends on the  d iam eter of the  capillary  openings 
in the  m ateria l overlying the  w ater table, being g rea te r in  fine 
m aterial and less in coarse m ateria l w here the  openings a re  
large.
Locally, the  soil w ater, in term ediate w ater, and frin g e  w ater 
m ay be absent w here the  zone of sa tu ra tion  extends to  the  
surface.
I f  there  is to be movement of fluids in rocks under differential 
pressures, the voids or openings m ust be interconnected. The 
ability  of a  rock to  tran sm it fluids is called its  perm eability, 
which depends upon the  size, num ber and interconnection of the  
openings. The larger and more num erous the openings in  a  given 
un it the g rea te r is the  perm eability o f the rock. Sand and gravel 
generally have relatively high perm eabilities. Cavernous lime­
stone m ay have an  im m easurably high perm eability  locally, bu t 
w ith in  a  sh o rt distance it  can be practically  impermeable. This 
wide range in perm eability in limestone and dolomite is shown 
in W ebster County w here a  few  fa rm  wells obtain yields of 10 
gallons a  m inute w ith small draw downs from  the  St. Louis lime­
stone, w hereas a  supply of only 11 gallons a  m inute w ith a  d raw ­
down of 225 fee t was obtained from  the  tow n well a t  Callender 
a f te r  i t  had penetrated  all the  limestone and dolomite o f M issis- 
sippian age. Although shale and clay m ay be very  porous and 
contain w ater, the openings in  them  a re  generally so sm all th a t  
they are  practically  im permeable and yield little  or no w a te r to 
wells.
A  form ation, group of form ations, or p a r t  o f a  form ation th a t  
is sa tu ra ted  w ith  w ater and  is perm eable is called a  w ater-bear­
ing  bed o r aquifer. I t  is from  aqu ifers th a t  wells obtain  th e ir  
w ater. Im perm eable beds m ay have an  im portan t effect on 
the circulation of w ater in aquifers, depending on th e ir  position
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w ith  respect to  the  aquifer. They m ay preven t w ater from  
en tering  w ater-bearing  beds or may confine w ater w ithin an 
aquifer, allowing artesian  pressures to  develop. Although gen- 
erally  considered as impermeable, studies have shown th a t beds 
such as shale, w here o f g rea t extent, tran sm it appreciable quan- 
tities of w ater and hence m ust be taken into account in some 
quan tita tive  studies. As recharge, movement, storage, and dis- 
charge of ground w ater a re  dependent on the  lithology and struc- 
tu re  of rocks of the  e a rth ’s crust, a  knowledge of the  geology in 
any region is basic to  an  understanding  of the hydrology.
The upper lim it of the  zone of sa tu ra tion  is often w ithin perm e- 
able m ateria ls and the  w ater is in contact w ith  the  a ir  in the 
zone of aeration. The upper surface of the  zone of sa tu ra tion  as 
defined by w ater levels in  wells finished in these perm eable m a- 
terials is called the  w ater table, and the wells a re  called w ater- 
table wells. In  such wells th e  w a te r does not rise  above the point 
a t  which i t  first flows in to  the  well. However, ju s t  above the  
w ater table the  s tra ta  m ay become very m oist because of the  
presence of capillary w ater.
I f  the  w ater-bearing  bed has an  upper confining bed and the 
hydrostatic  head of the w ater in  the aqu ifer is above the top of 
the  confined bed, i t  is said to  be under a rtesian  conditions. Any 
num ber o f a rtes ian  aquifers m ay occur in depth, depending upon 
the  num ber of extensive im perm eable confining beds in  the  
geologic section, and the  head m ay be different in each of them . 
In  wells penetrating  an  a rtes ian  aquifer, the  w ater level rises 
above the level a t  which the w ater is encountered and represents 
a  point on a  p ressure  surface refe rred  to  as a  piezom etric surface.
A well finished in such an aquifer is called an  artesian  well, and 
if  the piezom etric surface is above the  land surface a  flowing 
artesian  well results. In  the lower levels of the Des Moines valley 
in  W ebster County, the  piezom etric surface is above the land 
surface in  m any of the  aquifers below the  St. Louis limestone, 
and flowing wells have been developed from  them  a t  these 
localities.
A n aqu ifer m ay be under a rte s ian  conditions in  one place and 
under w ater-table conditions a t  another locality, and aquifers 
th a t  a re  under a rtes ian  conditions w here deeply buried a re  
commonly under w ater-table conditions in  th e ir  recharge areas.
W ater-table aqu ifers function chiefly as reservoirs. They a re  
generally recharged locally from  precip itation  o r streamflow, 
and th e ir  discharge areas a re  frequently  in  the  im m ediate
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vicinity. A rtesian  aquifers, on the  o ther hand, serve also as con- 
duits fo r tran sm ittin g  w ater, and the areas of recharge and 
discharge m ay be a t  g rea t distances from  the  place o f use. 
Because of these different conditions, the w ater-table and artesian  
aquifers in W ebster County a re  discussed separately.
Water-Table Aquifers
The clay till m antling  the  upland over a  large p a r t  of W ebster 
County seriously lim its the quan tity  of shallow w ater available. 
In  much of th is  m ateria l there  is no unconfined ground w ater 
and no w ater tab le ; however, w here a  local sandy zone is near 
the upland surface, or w here there  a re  sand and gravel-filled 
valleys, a  w ater table does exist. M ost of the  wells utilizing 
w ater from  the  shallow w ater-bearing  beds a re  bored wells 
rang ing  from  25 to  60 fee t in depth. The general practice is to 
complete bored wells so th a t  w ater can en ter th rough  the  bottom  
and the  jo in ts  of the tile casings. Because of the small quantity  
of w ater in storage in th e  till, shallow wells frequently  go dry 
during  droughts.
W ater-level m easurem ents m ade in these shallow wells indi- 
cate th a t  th e  w ater tab le  conform s closely to  the  general land 
surface, b u t i t  is less rugged. In  general the w ater level in  these 
shallow wells w as less th an  15 fee t below land surface in  th e  fall 
of 1942, and in  m any wells i t  w as less th an  10 feet. The yield 
from  shallow wells is usually small, and th e  slope of th e  w a te r 
table n ear th e  Des Moines R iver is precipitous, thus indicating 
aquifers of low perm eability. I t  appears th a t  ground w ater 
moves very slowly tow ard  points of discharge in  the  sm all de- 
pressions on th e  upland and the  m ajo r stream  valleys. A  p a r t  
of the  w ater probably moves dow nw ard in to  aquifers having 
lower heads.
Recharge to  these shallow aquifers resu lts  from  local pre- 
cipitation under favorable geologic conditions. However, re- 
charge is re tarded  du ring  m uch of the w in ter by th e  frozen 
ground and during  much of the sum m er by depletion of th e  soil 
w ater by grow ing vegetation and evaporation. Recharge occurs 
chiefly, therefore, a f te r  the  sp ring  thaw  and before the  ap- 
preciable grow th  of vegetation, and again  a f te r  the  fi r s t  killing 
fro s t and before the  ground becomes frozen.
N a tu ra l discharge from  the shallow aquifers takes place by 
evaporation and tran sp ira tio n  and by d rainage  in to  surface 
depressions and stream s, thus contribu ting  to  the  base flow of the
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la tte r. Artificial discharge is th rough wells and the  extensive 
tile  drainage system s which m ay be below the  w ater table when 
i t  is a t  a  h igh stage, usually in  the  sp ring  of the year. F o r in- 
stance, the discharge of N orth  L izard Creek is m easured n ear 
C lare in  th e  northw estern  p a r t of th e  county. A t th is  point and 
fo r some distance to  the  west, the  stream  is m ore th an  50 feet 
below the  upland level and probably more th an  30 fee t below 
the  general level o f the  w ater table o r piezom etric surface in 
the  shallow aquifers on the  upland. F o r m uch of the  y ear the  
flow of the stream  is less th an  a  cubic foot pe r second (448.8 
gpm ), y e t w ith  a  water-level rise of only a few  fee t usually in 
the  spring, th e  discharge of the  stream  from  ind irect and direct 
ground-w ater sources is between 30 and 50 cfs. I t  is in ferred  
from  the  distribution of the flow th a t  much of i t  is derived from  
the tile  drainage system s; w hether an equal am ount would flow 
natu ra lly  is no t known.
Before th e  land w as tiled, ponds were common in  the  num erous 
depressions on the  upland surface. These ponds undoubtedly 
received discharge from  the shallow aquifers a t  tim es and evap- 
oration disposed of some shallow w ater. As w ater levels in  the 
shallow aquifers declined, the  circulation w as reversed and w ater 
flowed from  the ponds into the aquifers. The tile d rains remove 
w ater th a t  m ight la te r  reach the  w ater table and thus prevent 
the  w ater levels from  a tta in ing  the heights which they  form erly 
reached. T iling controls the  high w ater levels and thus perm its 
fa rm in g  of certain  areas th a t  would otherw ise be useless fo r 
th is purpose. As the  drains a re  usually laid no more th an  4 to  6 
fee t below the  surface, they  can lower the w ater table to  th is 
depth only.
Changes in the ra te  of recharge and discharge cause changes 
in the am ount of w ater in storage, and these are  reflected by  the 
rise and decline of the w ater table or artesian  pressure. Periodic 
m easurem ents and continuous records of the  w ater level in  wells 
show w hether a gain or loss in  storage has occurred in  these 
aquifers and how an  aqu ifer reacts to  changing conditions of 
recharge, w ithdraw al, and discharge. F igu re  11 shows the 
fluctuation of the  w a te r level in  well 87-28-29N1, a  shallow well 
near H arcourt, fo r  the  year 1948 and the  relation of th e  gain  in 
sto rage to  the  periods favorable fo r recharge in  excess of dis- 
charge. F igu re  12 shows the general fluctuations of the  w ater 
levels in  shallow wells and th e  m onthly precip itation  fo r  the 
period of record from  1942 through  1950.
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Figure 11.—Hydrograph of a shallow well (87-28-29N1) near Harcourt, 
Iowa, showing seasonal changes in ground-water storage, and daily precipi- 
tation a t  Fort Dodge, 1948. (From Hershey, Robinson, and Jeffords, in 
preparation.)
As can be seen (fig. 12), w ater levels in the  shallow wells have 
not declined progressively during  the sho rt period of record, and 
recharge has been a t  a  ra te  sufficient to m aintain  a nearly  uni- 
form  volume of storage.
Artesian Aquifers
The aqu ifers below the  Osagian rocks probably receive m ost 
of th e ir  recharge in  a reas  outside W ebster County, th e  recharge 
a reas of the deeper aquifers being more rem ote th an  those of the  
shallower aquifers. From  the general configuration of the piezo- 
m etric  surfaces in these deeper aquifers over a  large p a r t  of 
Iowa, the  recharge areas seem to be no rth  of the  county, and the  
w ater moves through the  lower aquifers in  a  general southw ard
Figure 12.—Hydrographs of six shallow wells in Webster County showing 
general fluctuations in water levels and monthly precipitation a t  Fort
Dodge, Iowa.
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direction. The n a tu ra l discharge areas also a re  unknow n and 
surely rem ote.
These deeper aquifers a re  essentially unaffected by periods of 
drought. Before th e ir  utilization by wells, th e  piezom etric su r- 
face o r a rtesian  p ressure  w as probably s tab le ; th a t  is, th e  dis- 
charge from  the  aqu ifer was equal to  the  recharge and  th ere  was 
little  change in  g rad ien ts  o r storage. W ith  the  discharge in- 
creased artificially  by wells in  th e  county, the  w ater now comes 
from  storage and, a s  a  consequence, the  artesian  pressures de- 
cline in  th e  aquifers developed, th e  decline being g rea tes t a t  the  
well locations. I f  pum ping continues a t  a  uniform  rate , the  a r te - 
sian  pressures continue to  decline b u t a t  a  decreasing ra te  w ith 
tim e as w ater comes from  storage over increasingly la rg e r areas. 
The ra te  of decline increases, however, if  w ater is w ithdraw n 
a t  increasing rates. These declines a re  no t elim inated until a f te r  
the  cone of depression reaches the  a rea  of recharge o r discharge, 
b u t even w ith  w ater coming wholly from  sto rage the  ra te  of de- 
cline m ay become so small w ith tim e as to  be scarcely noticeable.
The in itia l w ater level in  the  1,240-foot D ayton tow n well 
(86-28-14H1) is reported  as 62 fee t below land surface in  1931. 
By 1942 the  w ater level had declined to  70 feet, and in  1948 
i t  w as about 80 fee t below land surface. The increased ra te  of 
decline between 1942 and 1948, as shown in figure 13, w as caused 
by  the  continued increase in  the  ra te  o f w ithdraw al from  the  
well. A t Gowrie the w ater level in  the  deepest tow n well (86-30- 
1P2) declined from  a  reported level of 81 fee t in  1926 to  about 
111 fee t in  1942. The ra te  of decline is no t known, b u t i t  prob- 
ably increased from  tim e to tim e as progressively m ore w ater 
w as used by the  town. W ater levels have declined seemingly 
since 1911 a t  a  nearly  uniform  ra te  in th e  city  wells a t  F o rt 
Dodge. In  1911 they a re  reported  to  have been about 60 fee t 
above land surface in  the  valley of the  Des Moines R iver. In  
October 1944 the  s ta tic  w ater levels w ere about 11 fee t above 
land surface. H ere again  the ra te  of decline of w ater levels has 
been increased periodically by the increase in  pum page o f w ater 
from  the well field. More details on the  decline of w ater levels 
in  th e  well field a re  given in  the  section on the  F o r t  Dodge m u- 
nicipal supply.
The m oderately deep a rte s ian  aquifers m ay receive much of 
th e ir  recharge w ith in  th e  county th rough  seepage from  th e  over- 
lying sand and gravel aquifers in the  d rif t. The St. Louis lime- 
stone, in particu lar, is recharged probably in  th is  w ay in  the
Figure 13.—Hydrographs of five artesian wells in Webster County showing, 
in general, a  gradual decline in pressures. The abnormal rises in water 
level in well 86-30-5C1 are  caused by inflow of shallow w ater a t  the 
mouth of the well.
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northern  p a r t  of the  county. The aquifers in  the  sandstones of 
Pennsylvanian age also probably receive w ater under sim ilar 
conditions in  the  central p a r t  of the  county. The lower sand and 
gravel aquifers in the  Pleistocene deposits in  tu rn  probably re - 
ceive w ater th rough the  overlying sandy zones. W ater is dis- 
charged from  the  St. Louis limestone and rocks of Pennsylvanian 
age through  springs and seeps located m ostly along th e  Des 
Moines R iver. One of the largest springs in  the area, having a  
reported flow of about 45 gallons a  m inute from  the  St. Louis 
limestone, is located in the  S E ¼ S E ¼  sec. 14, T. 90 N., R. 29 W. 
A few  springs having flows of 10 to  20 gallons a m inute issue 
from  the  sandstones of Pennsylvanian age along th e  Des Moines 
R iver no rth  of Lehigh. Seepage areas occur commonly in these 
rocks along the  riv e r banks.
M ovement of w ater in the St. Louis limestone and sandstones 
of Pennsylvanian age seems to  be tow ard  the  Des Moines R iver 
b u t w ith  a  general southw ard component. The trend  in  w ater 
levels in fo u r wells finished in  the  sandstone of Pennsylvanian 
age is shown in figure 13. These wells supply w ater fo r  domestic 
and stock use, bu t the am ount of w ater pum ped is small, The 
abnorm al peaks on the  hydrograph of well 86-30-5C1 (fig. 13) 
a re  due to  occasional inflow of w ater from  shallow aquifers, pen- 
e tra ted  by the dug portion of the  well, in to  the lower drilled 
p a rt. Considerable w ater m ust accum ulate in the p it before i t  
can overflow into the  casing.
Hydraulic Properties of Aquifers
Two fundam ental physical p roperties of an  aqu ifer a re  chiefly 
responsible fo r  determ ining the  ra te  of movem ent of w ater in 
the  aqu ifer and the quan tity  of w ater extractable from  it. The 
area l ex ten t and thickness of the aqu ifer also a re  im portan t.
The perm eability  of a  m ateria l is its  capacity to  tran sm it fluid 
under a  p ressure  g rad ien t and is dependent on the shape, size, 
num ber, and interconnection of voids in  the  m aterial. Several 
un its  of perm eability have been proposed by hydrologists, b u t the  
coefficient of perm eability commonly used by ground-w ater 
hydrologists is defined as the flow of w a te r in gallons a  day 
through a  cross-sectional a rea  of 1 square foot under a  pressure 
differential of 1 foot of w ater p e r foot of m ateria l m easured 
in the  direction of flow of the w ater, a t  a  tem pera tu re  of 60° F . A 
very  useful term , introduced by Theis (1935), is th e  coefficient 
of transm issib ility , which is the  product of the  thickness of the
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sa tu ra ted  portion o f the  aqu ifer and the  field coefficient of p e r- 
m eability. The coefficient of transm issib ility  also can be defined 
as the flow o f w ater in  gallons a  day th rough  a  mile-wide cross 
section of the  sa tu ra ted  p a r t  of the  aqu ifer under a  g rad ien t of 
1 foot p e r mile a t  the prevailing  ground-w ater tem perature.
The coefficient of storage is defined as the  am ount of w ater, 
expressed as a  frac tion  of a cubic foot, released from  a  p rism  of 
the  aqu ifer having  a  base of 1 square foot when the  p ressure  or 
head is reduced by 1 foot of w ater. In  w ater-table aquifers the  
coefficient of storage approxim ates the  specific yield, which is 
the  ra tio  o f the  volume of w ater th a t  will d rain  from  a unit 
volume of m aterial, acted upon by the  force of g rav ity , to  the 
un it volume of the  m aterial. In  a rte s ian  aquifers the  coefficient 
of storage is small compared w ith th a t  in  w ater-table aquifers 
because the aqu ifer rem ains satu ra ted , the  w ater being released 
from  storage by compaction o f the  aqu ifer and squeezed out of 
in tercalated  or ad jacen t fine-grained m aterials.
Perm eability  can be determ ined in the  laboratory  from  sam - 
ples of w ater-bearing  m aterial, b u t the  resu lts m ay not be rep re- 
sentative because of the  difficulty in  rea rran g in g  disturbed sam - 
ples of unconsolidated sedim ents as they  w ere in  n a tu re  and 
because of the difficulty of obtain ing an  undisturbed sample. 
Field methods, involving pum ping tests, m ay be expected to 
yield m ore reliable inform ation on the perm eability  and storage 
coefficients. W ith these da ta  im portan t conclusions can be 
reached in  regard  to the  quan tity  of w ater th a t  an  aquifer will 
yield perennially and the  position of the  w ater levels under any 
given pum ping regim en. These data  a re  essential fo r  the  p roper 
spacing o f wells th a t  will d raw  from  the  sam e aquifer.
To obtain the coefficient of storage i t  is generally necessary 
to  have an observation well th a t  penetrates the  sam e aquifer 
as  the pumped well in  which m easurem ents of w ater levels can 
be m ade during  a  pum ping tes t. The transm issib ility  of an  
aqu ifer can be determ ined by m easuring w ater levels and the  
discharge ra te  of a  single well. The tests, however, m ust be 
m ade under a  controlled pum ping schedule to  m ake them  sus- 
ceptible to m athem atical treatm ent.
A form ula developed by Theis (1935) relates the  drawdown 
a t  any tim e and a t  any place in  the  vicinity of a  discharging 
well to  the  discharge of the  well and to  the  coefficients of tra n s - 
m issibility and storage. Theis’ equation is usually expressed in 
the following fo rm : s =  (Q /4  π  T ) W (u ) , w here the  term  8 is
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draw dow n produced by a  continuous and uniform  w ithdraw al of 
w ater from  an  aqu ifer of wide ex ten t and uniform  thickness and 
perm eability, Q is the  discharge ra te  o f th e  well, and  T  is the  
transm issib ility . W (u )  is the  negative exponential in teg ra l of -u . 
The value of u  is equal to  r 2S / 4T t  w here r  is the  distance from  
the  well w here the draw down is observed o r to  be predicted, S  is 
th e  coefficient of storage, and t  is  the  tim e since pum ping started .
As the  ra tio  r 2/ t  becomes small as compared w ith  4T /s, all 
b u t the  firs t tw o term s of the  expanded exponential equation 
form ing an  exact solution fo r Theis’ form ula m ay be neglected 
(Cooper and Jacob, 1946, p. 527), giving rise to  the  approxim a- 
tion s=  (Q /4πT ) Ioge(2 .2 5 T t/r2S ) . C onverting to  common log- 
a rithm s and units, the equation becomes s =  (264Q /T) log10 
(0 .3 T t/r2S) in which s is the  draw down in fee t a t  any  point in 
the  vicinity of a  well discharging a t  a uniform  rate , Q is the 
discharge ra te  in gallons a m inute, T  is the  transm issib ility  in 
gallons a  day per foot, t  is the tim e in  days since pum ping 
s ta rted , r  is the  distance from  the  pum ped well, in  feet, to  the  
poin t a t  which draw down is m easured o r determ ined, and S is 
the  coefficient of storage, as a  decim al fraction .
W hen the  approxim ation is valid as  explained above, the 
varia tion  of s w ith t  (the  draw dow n curve) plots as  a  s tra ig h t 
line on sem ilogarithm ic paper w ith  t  on th e  logarithm ic scale if  
Q, T, r, and S rem ain  constant. The transm issib ility  is deter- 
m ined from  th is  stra ight-line  plot by tak in g  the difference in 
draw dow n ∆ S  a t  two points on the  line one log cycle apart, 
which simplifies com putations, and the equation becomes T =  
264Q /∆ s.
The ra te  a t  which the  w ater level recovers in  a  well a f te r  a  
period of pum ping also can be used to  determ ine the  tran sm is- 
sib ility  of an  aquifer. The equation derived and simplified by 
Theis (1935, p. 522) fo r  o rd inary  conditions of application is 
T  =  (264Q /∆ s 1) log10 t / t 1 w here s 1 is the  residual draw down 
of any  in stan t and t  is the  tim e since pum ping s ta rted  and t 1 is 
the  tim e since pum ping stopped. W hen residual draw down (or 
w ater level) is plotted on the linear scale of sem ilogarithm ic 
p aper aga in st the  ra tio  t / t 1 to  logarithm ic scale, a  s tra ig h t line 
should result.
The recovery m ethod was used on the  D ayton tow n well 
(86-28-14H1), which w as pum ped fo r  85 m inutes on November 
17, 1942, a t  an  average ra te  of 132 gallons a  m inute. The re - 
covery curve is shown on figure 14 as the  depth to  w ater plotted
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aga in st the  logarithm  of the  ra tio  of the  tim e since pum ping 
s ta rted  to  the  tim e since pum ping stopped. From  th is  plot, the 
difference between the  w ater levels, ∆ s 1, on the recovery curve 
one log cycle ap art, is found by inspection to be 3.87 feet. This 
value ( ∆ s 1) is subm itted in  the  equation T = 2 6 4 Q /s1 and T is 
found to  be about 9,000 gallons a  day per foot. No observation 
wells w ere available fo r  m easuring draw downs aw ay from  the  
principal well, so the coefficient of storage fo r the  aqu ifer or 
aquifers encountered in  the  D ayton tow n well could n o t be com- 
puted.
As th e foregoing equations apply rig id ly  only to  aquifers of 
infinite areal extent, those hav ing  boundaries which affect the 
draw down produced m ust be subjected to  m ore elaborate analy- 
sis. Thus i t  is found th a t  draw dow n curves fo r the  Pleistocene 
channel sand-and-gravel deposits depart from  a  s tra ig h t line on 
a  sem ilogarithm ic plot by successive changes in slope because of
Figure 14.—Recovery of water level in well 86-28-14H1 afte r pumping 
well fo r 85 minutes a t the rate of 132 gallons a minute. The depth to 
water is plotted against the ratio t/t1 on a logarithmic scale.
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the effect of the impermeable boundaries. The usual m ethod of 
dealing w ith im permeable boundaries is by recourse to  image 
wells, which a re  considered to s ta r t  pum ping a t  the  sam e tim e 
and a t  the sam e ra te  as the  real well. The effect of a single im per- 
meable boundary can be sim ulated by the pum ping effect th a t  
would be produced by a  well located on the  o ther side of the  
boundary a t  the  same distance as the pum ping well and  consid- 
e ring  the  aqu ifer to be infinite in extent. In  a  channel, both  the  
boundaries produce im age wells which a re  in  tu rn  influenced by 
the  boundaries so th a t  if  the boundaries a re  parallel to  each 
other, the  num ber of im age wells become infinite, sim ilar to  the 
num ber of im age reflections in tw o m irro rs  facing  each o ther; 
however the  im age wells have a  decreasing effect w ith  distance 
from  the pum ped well, and effects of the  m ore rem ote ones may 
not be perceptible. On the o ther hand, image-well effects may 
be so num erous th a t they  defy in terp re ta tion .
A  pum ping te s t m ade on the Gowrie tow n well (86-30-1Q1), 
which is finished in  approxim ately 18 feet of sand and gravel a t  
a depth of 248 feet, illustrates the effect th a t  boundaries have on 
w ater levels in  pumped wells. A te s t was m ade on the well a t  the  
tim e of its  completion on Ju ly  24,1950, when the  s ta tic  w ater level 
w as 45.8 fee t below the  top of the  casing, which is 1.5 fee t above 
land surface. The well w as pumped a t  180 gallons a  m inute, and 
the w ater-level m easurem ents, m ade by J . B. Cooper, w ere 
plotted ag a in st the  tim e since pum ping s ta r te d  on the  log- 
arithm ic  scale (fig. 15). The dashed line extending the  first 
s tra ig h t segm ent of the  draw down curve represents the  curve 
th a t  probably would have been obtained w ere the  aqu ifer of 
uniform  thickness and perm eability and extensive over a  large 
a rea  in  every direction from  the  well. The break  in the  curve 
a f te r  the well had been pumped 10 m inutes, when the  ra te  of 
draw dow n became twice the original ra te , indicates a  boundary. 
Doubling the  discharge from  the aqu ifer by assum ing an  image 
discharging well perpendicularly across the  boundary and a t  
the  same distance from  the boundary is a  solution to  the  prob- 
lem. W ere th is  the  only boundary, the draw dow n would have 
continued following the  second stra igh t-line  segm ent of the  
draw down curve. However, a  second break in  the  curve a t  about 
30 m inutes probably indicates the  presence of a  secondary bound- 
a ry  and th a t  the  town well is finished in  a  channel. A  th ird  
b reak  in  the  curve occurs about 70 m inutes a f te r  pum ping 
s ta rted  and m ay be the  effect of a  second se t of im age wells.
OF WEBSTER COUNTY, IOWA 53
I f  the trend  in  w ater levels could have been observed during 
the pum ping of well 86-30-1Q1 in additional wells finished in th is  
sand and gravel, th e  coefficient of storage, the  effective w idth  of 
the  channel, and the position o r direction of the channel could 
have been determ ined. As noted from  the  draw down curve, the 
ra te  of decline of the  w ater level in  th is  pumped well is g reatly  
increased because of the  apparen tly  narrow  sand-and-gravel 
channel in  which the  well is finished. Unless recharge occurs 
to  the  aqu ifer nearby, pum ping levels m ay be expected to  decline 
m aterially  w ith in  a  sh o rt tim e. Periodic m easurem ents a re  de- 
sirable to  determ ine m ore precisely the tren d  in  w ater level when 
the  well is p u t into production.
Construction of Wells
Several types of wells have been used in  W ebster County, in - 
cluding dug, bored, driven, and drilled wells. Dug wells were
Figure 15.—Drawdown curve fo r well 86-30-1Q1 being pumped a t  the 
rate  of 180 gallons a  minute. The depth to  w ater is plotted against the 
logarithm of the time since pumping started.
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m ore common in earlie r days, b u t the principal types now in use 
a re  bored and drilled wells. T heir general fea tu res a re  discussed 
briefly here, bu t fo r a  m ore comprehensive discussion on well 
construction the reader is refe rred  to Bowman (1911) and the 
W ar D epartm ent Technical M anual 5-297.
D ug wells have been constructed principally  on the  upland in 
W ebster County. A n excavation 4 to  6 fee t in  d iam eter is usually 
m ade in the  clays, and w here th e  m ateria l is loose, tem porary  
curb ing  is used to prevent cave-ins until the  w ater is reached. 
Such excavations m ay encounter clay extending below the w ater 
table, and when a  sand o r o ther w ater-bearing  bed is encountered 
below the  clay, the w ater rises in  the  well p it. The first w ater- 
bearing  bed generally prevents fu rth e r  excavation, and brick  or 
rock curbing is installed commonly a t  the point w here the clays 
become very m oist ju s t  about the  w ater-bearing  bed. This 
type of well is generally lim ited to  unconsolidated deposits, al- 
though a  few  a re  finished in  rock by blasting.
Bored wells a re  constructed only in unconsolidated sedim ents 
and generally te rm inate  a t  the  first w ater-bearing  bed of con- 
sequence. The m achine used is an  auger, generally m otor driven, 
which can cu t a  hole as large as 36 inches in  diam eter, although 
the  more common size is 12 to 24 inches. W hen a  w ater-bearing  
sand is penetrated , tile is inserted  in  the bore to the  bottom  of 
the well. W ater m ay en te r the  well th rough  the bottom  and the 
jo in ts of the tile, b u t it  is desirable to cement around the  upper 
p a r t  of the  tile to  prevent en try  of surface and near-surface 
w ater. B oring beyond the first w ater-bearing  bed is accomplished 
a t  tim es by reducing the  size of the  auger to fit inside the first 
s tr in g  of tile.
Drive-point wells are  satisfactory  w here w ater-bearing  sand 
and gravel occur a t  shallow depth, and the  w ater level is w ithin 
25 fee t of the  land surface. The drive poin t generally consists 
of perforated  tub ing  covered by a  screen attached  to  a  sharp  
stu rdy  point fo r penetrating  the unconsolidated m aterial. Ad- 
ditional lengths o f pipe a re  attached  as the point is driven into 
the  ground. This type of well is generally fitted w ith a  suction 
p um p; the w orking cylinder and piston m ay be a t  the top  as in 
a  pitcher pump, o r the cylinder m ay be placed below ground in 
a  p it to  perm it d raw ing  w ater from  a g rea te r depth. Construction 
o f drive-point wells is often facilita ted  by augering  to  as g re a t a  
depth as feasible to  minimize the  distance the poin t m ust be 
driven through  the dense clay th a t  overlies the  sand and gravel.
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The size of the  slots o r openings in the  drive point should be 
governed by the size of the sand in the  w ater-bearing  b e d ; i t  is 
desirable to  have the slots or openings large enough to  pass a t  
least the  finer 50 percent of the sand in itially  in  order th a t coarser 
sand o r gravel will collect around the point.
Drilled wells a re  commonly used to  develop w ater from  the 
deeper Pleistocene sand and gravel and from  the  consolidated 
rocks, such as sandstone and limestone. Several types of m a- 
chines a re  used in drilling  wells, b u t the  equipm ent used m ost 
often in  W ebster County has been the cable-tool, churn, or 
percussion-drill rig . W ith th is m achine a  heavy steel b it  a ttached 
to  a  stem  is raised and let fall by m eans of a  cable passing over 
a  ra is ing  mechanism. The hole is m ade by b reaking  up the rock 
into sm all chips or wads. W ater m ust be used to  hold the  cuttings 
in  suspension so th a t  they can be removed by a  bailer. Casing 
m ay need to  be inserted  as d rilling  proceeds th rough  clay or 
shale to  prevent its  caving into the  well. Sandstone and lime- 
stone a re  generally not cased unless they a re  th in  and occur in a  
predom inantly shale section o r unless the  w ater they  contain is 
o f undesirable quality. W ater m ay be obtained from  th in  w ater- 
bearing  beds by p e rfo ra ting  the  casing opposite these rocks. In  
fine sand, a  screen m ay be used to preven t the sand from  flowing 
into the well w ith the w a te r; however, w here the  sand and 
gravel a re  sufficiently coarse, wells a re  frequently  finished w ith- 
ou t a  screen, the  w ater en tering  th rough  th e  open end of the  
casing.
The d iam eter of cable-tool wells is governed by the quantity  
of w ater to  be pumped, by the  num ber of shale beds th a t  will 
require casing during  drilling, and by provision fo r fu tu re  re- 
pairs. F a rm  wells commonly a re  about 6 inches in  diam eter, and 
m unicipal and industria l wells, which generally a re  equipped 
w ith  large pum ps, a re  mostly between 8 and 24 inches in  diam eter 
a t  the surface.
A few  wells in W ebster County have been drilled by ro ta ry  
equipm ent. This m ethod of drilling  involves circulation of mud- 
laden drilling  fluid downw ard through  the  d rill pipe and  upw ard 
in the well bore to  remove the  cuttings m ade as the  tu rn in g  b it 
chips the  rock. D rilling  is continuous and the  size of the  hole 
is not reduced w ith depth. Unconsolidated s tra ta  a re  prevented 
fro m  caving by the caking of m ud on the  walls and the  fac t th a t 
the  hole is kept fu ll of w ater, so th a t  hydrostatic  p ressure  is ex- 
erted on the  s tra ta . Casing is usually inserted  when th e  drill-
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ing  is completed o r when all the  caving m aterials have been 
penetrated . This m ethod of d rilling  is particu larly  rap id  in  un- 
consolidated sedim ents.
Development of Wells
The yield of wells generally can be increased by development 
of the w ater-bearing  m ateria l around them . Wells finished in 
sandstone m ay be m ade to  yield m ore w ater by se tting  off ex- 
plosives opposite the sandstone to  enlarge the bore of the  well and 
develop frac tu res  to  give easier access fo r  the w ater en tering  
the well. A danger in th is  type of development, particu larly  in 
a  loosely cemented and fine-grained sandstone, is th a t  sand 
g ra in s m ay be pumped w ith the  w ater, o r the charge m ay not 
be placed properly and  m ay ru in  the  well.
Yields of wells finished in lim estone and dolomite aquifers m ay 
often be increased by acidizing the  lim estone and dolomite to  
enlarge the openings through  which the w ater is en tering  the  
well. The acid m ost commonly used is hydrochloric (m u ria tic ) , 
sometimes "diluted"  by other chemicals in  o rder th a t  i t  will 
dissolve lim estone w ithout a ttack ing  steel casing unduly.
Wells in  fine sand frequently  need to  be developed in  such a  
way as to remove the  finer m ateria ls and allow the  coarser 
particles to accum ulate around the  screen, thus increasing the 
yield and decreasing the  draw dow n in the  well. T urb ine pum ps, 
which can handle considerable sand, a re  sometimes used fo r  
th is  purpose, and a  su rg ing  action is produced by a lternately  
s ta r tin g  and stopping the pum p and by vary ing  the ra te  of 
pum ping. Surge plungers o r blocks can be operated by drilling  
rig s  to  d raw  the fine m ateria l into the  well by suction, a f te r  
which i t  is removed by the  bailer. Gravel is sometimes placed 
around the  well screen to  decrease the  velocity of approach of 
the  w ater en tering  the  well, thereby  decreasing the  quan tity  of 
fine sand reaching the  well. A lthough gravel packing is some- 
tim es accomplished by in troducing gravel th rough  side holes 
(sm all wells drilled around and close to  the pum ped well) du r- 
ing the development of the well, i t  is generally m ore effective 
if  carried  on during  the drilling  phase.
A nother method of backw ashing wells is to introduce w ater 
under p ressure  into the  well and then remove it, thus producing 
rapid  a ltera tions of direction of flow in the  aquifers. Com- 
pressed a ir  is sim ilarly used to a lternately  pum p w ater from  the  
well and force i t  back into the  aquifers, thus rem oving fine 
m aterials.
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Utilization Of Water
Domestic and stock wells on farm s in  W ebster County f a r  out­
num ber all o ther types; however, the  relatively few  m unicipal 
wells produce a  g rea te r  quan tity  of w ater. A relatively small 
volume of w ater is pumped fo r  industria l use.
Farm Wells
N early  all the w ater used fo r  domestic and stock purposes on 
the fa rm s in  W ebster County is obtained from  wells. M ost of 
them  a re  bored wells less than  70 fee t in depth and finished in 
sand and gravel of Pleistocene age, b u t several hundred of them  
a re  drilled into the  sandstone, limestone, and dolomite of M issis- 
sippian age. Only a  few  fa rm  wells, however, a re  drilled below 
the  H am pton form ation, and the  w ater obtained is hard . The 
fluoride content of the  w ater in  the  glacial d r if t  and sandstones 
of Pennsylvanian age is low, b u t th e  iron content is generally ex­
cessive. Wells finished in the  lower indurated  rocks commonly ob­
ta in  w ater having a  high iron content and containing m ore than  
1.5 p a rts  per million of fluoride.
Public Water Supply
M ost of the county grade schools and  the  large r consolidated 
schools obtain th e ir  w ater supply from  wells. W ells fo r  the 
sm aller grade schools a re  usually finished in  Pleistocene sand 
and gravel, and the  consolidated schools a t  Lanyon and B arnum  
also obtain w ater from  wells finished in the  glacial d rift.
The well a t  the consolidated school a t  Burnside obtains w ater 
from  sandstone of Pennsylvanian age, and wells a t  the Moorland 
and Otho consolidated schools obtain w a te r from  M ississippian 
rocks. The Dolliver S tate  P a rk  Well is finished in the  H am pton 
form ation of M ississippian age.
Ground w ater is pumped from  various aquifers fo r the  public 
w ater supplies of the  tow ns of B adger, Callender, Dayton, 
Duncombe, Gowrie, H arcourt, Lehigh, and S tra tfo rd , and the 
city  o f F o r t Dodge.
Badger. The town of B adger obtains its  w ater supply from  
tw o wells. The in itia l well (90-28-15D1) w as drilled in  1931 
into the  Gilmore City limestone to  a  reported  depth of 280 feet. 
The well is reported to be cased w ith 5-inch pipe to  a depth of 
149 fee t and w ith 4-inch pipe from  150 to  206 feet. The bottom 
74 fee t o f th e  well is open 3¾ -inch hole. W ater is obtained from  
the  St. Louis and Gilmore City limestones. The in itia l w ater
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level w as reported  to  be 40 feet, and the  tem pera tu re  of the 
w ater m easured a t  the force pump, which has a  m easured 
capacity  of 23 gallons a  m inute, is 50 °F .
In  1948 a  second well (90-28-15D2) was drilled th rough  lime- 
stone and dolomite o f M ississippian age to  a  reported  depth of 
530 fee t and cased w ith  8-inch pipe to  a  depth of 145 fee t and 
w ith  6-inch pipe from  a  depth of 142 to  220 feet. The casing is 
cemented in  the  hole. W ater is obtained largely from  the Gilmore 
C ity and H am pton form ations. The in itial w ater level was re- 
ported to  be 95 fee t and the pum ping level 187 feet a t  55 gallons 
a m inute. This well is equipped w ith a  tu rb ine  pum p powered 
by an  electric motor.
W ater is pum ped directly in to  the  d istribu tion  system, and 
a  small storage tank  a t  the first well m aintains a  p ressure  of 
25 to  50 pounds per square inch. The w ater is hard  and contains 
enough iron  to  cause sta in ing  (table 9 ) . The average daily 
pum page is estim ated as about 7,000 gallons. In  addition to  
th is, a  few  privately  owned wells 25 to 55 feet in depth a re  
still used. 
Barnum .  The tow n of B arnum  has no public w ater-supply 
system , and w ater is obtained from  privately  owned shallow 
bored wells. The consolidated school in the  south p a r t  of town 
form erly  obtained its  w ater from  a  202.5-foot drilled well 
(89-30-23R1), bu t the  yield of the  well w as sm all and  the 
w ater w as reported  to  be of poor quality. The school supply is 
obtained now from  a  bored well (89-30-23R2) about 55 feet 
deep. The tow n is located near the  border of the  abnorm al 
sequence of rocks in  the  M anson area, and i t  m ay be difficult to  
obtain a  sa tisfac to ry  w ater supply below the  Pleistocene sands 
and gravels.
Callender. Three wells were in  operation in 1950 supplying 
w ater fo r  the  d istribu tion  system  a t  Callender. Well 1 (87-30- 
12E 1), located in  the  south p a rt of the park , was drilled in  1938 
to  a  reported depth of 727 fee t and cased w ith 8-inch pipe to  a  
depth of 440 feet. The casing is perfo rated  from  277 to 297 fee t 
and from  420 to  440 fee t and packers w ere placed outside the  
casing a t  depths of 277 and 382 feet. The well is an  open 6½ - 
inch hole below 440 feet. Initially , the  w ater level was reported 
as 94 fee t below land su rface; a  yield of 11 gallons a  m inute pro- 
duced a  draw dow n of 224 fee t a f te r  the well had been pumped 
fo r  approxim ately 23 hours. This small quan tity  o f w a te r was 
developed from  limestones of M ississippian age, and th e  coeffi-
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cient of transm issib ility  of all the w ater-bearing  beds open to 
the well, as determ ined from  recovery m easurem ents during  a  
pum ping test, was less th an  50 gallons a  day per foot. The well 
is equipped w ith a  h igh-lift pum p powered by an  electric m otor 
th a t is operated in term itten tly  by a  tim e-control system. The 
operator estim ates th a t  about 6,000 gallons a day is pumped from  
the  well.
A  te s t hole (87-30-12L1) w as drilled into sand and gravel a t  
a  reported  depth of 60 feet about 2 blocks east of the  first well, 
to  augm ent the supply. A yield of 15 gallons a  m inute was re­
ported to  have been obtained a f te r  the  hole w as completed as a 
well and placed in  service.
The th ird  well (87-30-12L2) was drilled to  a  depth of 185 fee t 
in 1949, finishing in 15 feet of sandstone of Pennsylvanian age. 
I t  is cased to  a  depth  of 171 fee t w ith  6¼ -inch pipe and is 
equipped w ith  a  force pum p which delivers 12 gallons a  m inute. 
A t th is  pum ping rate , the reported draw dow n is 113 fe e t ; the  
original w ater level was 35 fee t below land surface.
W ater from  the  Callender wells is pum ped directly into the  
d istribution system, and the overflow goes into storage in  the  
w ater tow er. The w ater is hard  and contains between 0.6 and
0.9 p a rts  per million iron, an am ount sufficient to cause staining. 
The w ater from  the 727-foot well contains 2.1 p a rts  per million 
of fluoride.
Clare. The town of Clare had  a  public w ater-supply system, 
b u t i t  was abandoned because of continued difficulty w ith sand 
in  its 180-foot well (90-30-24N2). W ater now is obtained by 
m eans of privately-owned bored wells. The Catholic school a t 
Clare obtains w ater from  sandstone of probable Cretaceous age 
a t  a reported depth of 180 fee t (90-30-24N1). The non pum ping 
level is reported to be 118 fee t and the drawdown 12 feet a t  14 
gallons a m inute. 
Dayton. W ater is supplied to  th e  tow n distribution system  
prim arily  by one well (86-28-14H1), drilled to a  depth of 1,240 
fee t in 1931. The well is drilled into the W apsipinicon limestone 
of Devonian age b u t probably obtains a  p a r t  of i ts  supply from  
other Devonian and M ississippian rocks. The well is reported 
to  be cased w ith 13-inch pipe to  a  depth of 323 feet, 10-inch pipe 
from  312 to 505 feet, and 8-inch pipe from  770 to 966 feet. Below 
966, the  well has 274 feet of 8-inch open hole.
The in itial w ater level was reported  to  be 62 fee t below land 
surface. On November 17, 1942, the  w ater level was 69.9 fee t
a fte r  the pum p had been idle fo r 22 hours, b u t la te r  in  the  day 
the  pum ping w ater level was 146.2 feet a f te r  the  well had  been 
pumped fo r 1.3 hours a t  132 gallons a  m inute. The transm is- 
sib ility  of the  aquifers open to  the  well, as  determ ined by re - 
covery m easurem ents m ade du ring  a  pum ping te s t  (fig. 14), 
is about 9,000 gallons a  day per foot. The tren d  in nonpum ping 
levels in  th is  well from  1942 th rough  1948 is shown in  figure 13.
A n older well (86-28-14H2), 10 to  6 inches in  d iam eter and 
reportedly 688 fee t in  depth, is presently  used as a  standby well. 
The well is finished in limestone and dolomite o f M ississippian 
age, and a  force pum p delivers 20 gallons a  m inute from  th e  well.
The w ater from  the  1,240-foot well has a  tem pera tu re  of 56° 
F ., is hard , and contains enough iron  to  cause s ta in ing  of fix- 
tu res  ; th e  fluoride content is about 2.8 p a rts  per million. (See 
analysis, table 9.) Since 1947 the  w ater has been pumped under 
pressure through iron-rem oval and softening equipm ent. The 
softened w a te r is pum ped into a  w ater tow er having  a  storage 
capacity of 70,000 gallons. The am ount of w a te r pum ped a fte r  
1947 is estim ated in  p art, inasm uch as about 4,000 gallons a  day 
is bypassed around the softener and is no t m etered. (See table 
6.)
Duncombe. The public w ater supply o f Duncombe is derived 
from  one well (88-27-3D1), located in  the p a rk  in the  no rth  p a r t  
of town, which was completed in  1945 a t  a depth of 974 feet. 
Casing in  the  well is reported  to  include 10-inch pipe to  a  depth 
of 251 feet (cemented in  to  a  depth of 50 feet) and 8-inch pipe 
from  235 to  290 fee t (slotted from  251 to  290 fee t) . A n open 
8-inch hole w as drilled below 290 feet. The nonpum ping w ater 
level w as 49.2 feet below land surface on Ja n u ary  25, 1945, and 
the  draw down 36.8 fee t a f te r  a  pum ping period of 146 m inutes
TABLE 6. WATER PUMPED BY TOWN OP DAYTON 
(Thousands of gallons)
1942 1943 1944 1945 1946 1947 1948 1949
January 275 410 522 685 815 770 1,015
February 240 365 472 623 700 795 990
M arch 278 441 540 800 770 915 1,160
April 350 483 477 798 770 870 1,130
M ay 336 431 539 769 750 940 1,155
June 342 445 535 662 750 990 1,425
Ju ly 492 450 457 757 920 990 1,425
August 465 519 694 783 1,060 990 1,260
September 389 459 533 704 812 940 1, 185
October 356 389 460 725 766 890 1,255
November 333 393 45 1 675 717 770 965 1,065
December 346 429 583 722 800 1,015 1,135
Total 1,424 (aRecordInmplt.) 4,448 5,601 7,062 8,168 (aRecordInmplt.) 9 ,935 9,240 (aRecordInmplt.) 14,200
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a t  33 gallons a m inute. The transm issib ility  of the  aquifers 
penetrated  by the well, as determ ined by recovery m easurem ents 
m ade du ring  a  pum ping test, w as about 1,000 gallons a  day per 
foot. The well is equipped w ith  a  tu rb ine  pum p powered by an  
electric m otor.
A n older well (88-27-4A3) form erly  supplied the tow n but was 
abandoned shortly  a f te r  completion of the  new er well. I t  was 
drilled to  a  reported  depth  of 417 fee t in about 1911 and  deepened 
to 546 fee t in  1932. I t  is cased w ith  6-inch pipe to  a  reported 
depth of 200 fee t and w ith  an unknown am ount of 5-inch casing. 
W ater is obtained from  M ississippian rocks, and the  w ater level 
is reported  to  have been about 40 feet below land surface du r- 
ing  nonpum ping periods. A force pump powered by  an  electric 
m otor delivered 16.5 gallons a  m inute.
The w a te r is pumped directly from  th e  present supply well 
into the  d istribu tion  system  w ithout trea tm ent, a w ater tow er 
having a capacity of 40,000 gallons handling the  excess w ater 
supplied tem porarily  to  the system. No record is kept of the 
am ount of w ater pumped, b u t i t  is estim ated to be about 12,000 
gallons a  day. The w ater is ha rd  and contains an  excessive 
am ount of iron, 1.4 p a rts  pe r million (table 9 ) . The tem pera- 
tu re  o f the  w ater pumped is 50° F.
F ort Dodge. The following discussion of the  development of 
th e  public w ater-supply system  a t  F o r t  Dodge w as prepared 
largely from  records and statem ents of J . W. P ray , M anager of 
the D epartm ent of M unicipal U tilities, F o r t Dodge.
The city of F o r t  Dodge constructed a large-diam eter well on 
the  bank of the Des Moines R iver in 1881, and th is  supplied the  
city  until 1891. A t th a t  tim e a  larger collecting gallery w as con- 
structed  on Island P a rk  in the  SW ¼  sec. 19, T. 89 N., R. 28 W., 
a sho rt distance southeast of the  present tre a tm e n t and pum ping 
plant. The gallery w as used until 1907, some raw  riv e r w ater 
being used in term itten tly  during  the la tte r  p a r t  of the  period to  
m eet the  needs of the  city.
A ttem pts had been m ade to increase the  quantity  o f w ater 
available by drilling  two 100-foot wells, one on Island P a rk  and 
one on th e  east bank of the  river. However, a  flow of 10 gallons 
a  m inute w as all th a t  w as obtained from  each o f them . A sh a ft 
was then sunk in rock on the east bank to  a  depth of 88 feet, the 
depth a t  which the  tw o te s t wells had encountered w ater. The 
yield from  th is  sh a ft also w as inadequate, and a  tunnel was 
driven horizontally through the  rock a t  the bottom fo r a  distance
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Figure 16.—Map of p a r t of F o rt Dodge showing the city well field.
of about 300 fee t under th e  river. A but 80 gallons a  m inute was 
obtained from  th is  installation.
In  Septem ber 1907, well 1 (89-28-19P1) w as completed a t  a  
depth of 1,827 fee t as a  flowing a rtes ian  well. I t  w as drilled in  the  
bottom o f an 88-foot sh a ft (fig. 16). Between 1907 and 1949, 
15 additional flowing wells w ere drilled. Of these, wells, 1, 2, 4, 
5, 6, 7, 9A, 10, 11, and 13 have been abandoned, and wells 3, 8, 
9, 12, 14, and 15 w ere  in service in 1951. The gallery system 
w as abandoned in 1919.
The general procedure in  the  construction of the wells in  th is 
field has been to  d rive p ipe th rough  the  shales th a t  overlie the  
w ater-bearing  limestones, depending on the shales to  cave and 
form  a w ater-tigh t seal. None of the  wells seem to  have de- 
veloped leaks around the  casing. M any o f the  wells have been 
recased, and, in th is  operation, cement has been used commonly 
to  obtain a  w ater-tigh t seal betw een the  new  and old casings.
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As m any as th ree strings o f casing m ay extend to  th e  surface 
in  some of the  wells, bu t only the inner casing is considered in 
the  following discussion of the  individual wells.
Well 1 (89-28-19P1) w as drilled in to  th e  Jo rdan  sandstone to  
a reported  depth of 1,827 feet in 1907. The well w as cased w ith 
10-inch pipe to  a  depth of 328 feet, 9-inch pipe from  1,036 to  
1,056 feet, 6-inch pipe from  1,332 to 1,390 feet, and 5-inch pipe 
from  1,375 to  1,439 feet. The depths a t  which th e  flow of the  
well increased w ere not recorded, b u t the  flow w as m easured 
by the  d rille r a t  several depths from  tim e to tim e du ring  drilling
as follow s:
Depth Total flow
(feet) (gallons a  m inute)
328 144
1,390 287
1,497 316
1,536 374
1,578 484
1,827 571
The head o r  pressure on the aquifers w as not m easured. The 
tem pera tu re  of th e  w ater in  the  finished well w as reported to  be 
55° F .
A tu rb ine  pum p w as installed in  1910 to  augm ent the  dis- 
charge from  the  well, b u t the  hole filled w ith  shale and sand so 
as to  damage the pum p w ithin  a sho rt tim e. In  1911 the  well 
w as cleaned to  a  depth  of 1,400 fee t and an  unknown am ount 
of casing was added. The flow is reported  to  have been 500 gal- 
lons a  m inute a fte r  the  rep a ir  w ork w as completed. The n a tu ra l 
flow from  the well is reported  to have been 300 gallons a  m inute 
in  October 1919, and the  yield about 600 gallons a m inute w ith  
a  pum ping level of 50 fee t below land surface. The head on the  
aquifers seems to  have been slightly  less th an  40 fee t above th e  
surface o r about 1,030 feet above sea level. T hereafte r the  well 
was pumped in term itten tly  by a ir  lif t  until i t  w as abandoned and 
plugged in  1938.
Well 2 (89-28-19P2), located about 150 fee t no rth  of well 1, 
w as drilled in  1911 to  a  reported depth o f 670 fee t and  w as cased 
w ith  15-inch pipe to  a  depth of 152 feet (pipe perfo rated  n ear 
bottom ) and w ith  10-inch pipe from  480 to  500 feet. The flow 
of the  well is reported  to  have been in itia lly  150 gallons a  m in- 
ute, and 50 gallons a  m inute in  October 1919. A t a  discharge
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ra te  of 200 gallons a  m inute, the  reported  pum ping level was 
140 feet.
Well 3 (89-28-19L1) was drilled in  1911 to  a  depth of 215.5 
fee t and reconstructed in 1921. The well w as recased a t  th e  la t- 
te r  tim e w ith  17-inch w rought-iron pipe to  a  depth  of 205 fee t 
and w ith a  slotted length of 12-inch cast-iron pipe res ting  on 
the bottom  of the  well. The flow is reported  to  have been 600 
gallons a  m inute in itially  and 200 gallons a  m inute in  1919. On 
completion of the  rep a ir  w ork in  1921, th e  n a tu ra l flow w as 350 
gallons a  m inute, and w hen pumped a t  750 gallons a  m inute, the  
draw dow n w as reported  to be 50 feet. A n a ir l if t  pum p w as in - 
stalled in  th e  well in  1921 and used th rough  October 1935. In  
1938 i t  w as again  necessary to recase the  well to  the  bottom , 12- 
and 10-inch pipe (slotted in lower 14 inches) being used. The 
well w as connected to  the  suction line common to  all wells in  the  
field in  1951.
W ell 4 (89-28-19P3) w as drilled in  1913 and w as completed 
in M ississippian rocks a t  a  depth of 400 feet. The well w as cased 
to  a  depth o f 105 fee t w ith 8-inch pipe, the  in itia l flow being 
160 gallons a  m inute. The flow had reduced to  about 15 gallons 
a  m inute in  October 1919, and the  well w as abandoned.
Well 5 (89-28-19L2), about 75 fee t south o f well 3, w as drilled 
in  1913 to  a  reported  depth of 624 fee t and cased w ith  8-inch pipe 
to  a  depth o f 136 fee t and w ith  6-inch pipe from  130 to  292 feet. 
The in itial flow w as about 50 gallons a  m inute, b u t th is  flow had 
dim inished to  about 10 gallons a  m inute in  October 1919 when 
the  well was abandoned.
Well 6 (89-28-19L3), about 65 fee t n o rth  of well 3, w as drilled 
in  1914 to  a  reported  depth of 283 feet and cased w ith  8-inch 
pipe to a  depth of 253 feet. The in itia l flow was reported  to  be 
190 gallons a  m inute, b u t th is  decreased by 1919 to  about 90 gal- 
lons a  m inute. On installing  an  a ir l if t  pum p, the  discharge w as 
increased to  250 gallons a  m inute, and the pum ping level w as re- 
ported as 75 feet below land surface. The well w as taken  out 
of service in 1938 and sealed w ith concrete in  1948.
Well 7 (89-28-19P4) on Island P ark , was drilled in  1914 to  
a  reported depth of 498 fee t and cased to  a depth o f 138 fee t 
w ith 8-inch pipe. The flow w as reported to  be 80 gallons a  m in- 
u te  in  1914 and 20 gallons a  m inute in  1919. A t th is  la tte r  date, 
the  pum ping level w as 135 feet below land surface a t  80 gallons 
a  m inute.
Well 8 (89-28-19L4) w as drilled in  1923 to  the  St. P e te r  sand- 
stone a t  a  depth o f 1,436 feet. By 1938 large  quan tities o f sand 
had entered the well, and i t  w as cleaned out to a  depth  of a t  least 
504 feet. I t  was recased w ith  12-inch casing to  a  dep th  of 257 
feet, th e  in itia l 8-inch liner between 618 and 1,040 fee t being le ft 
in  the  well. Inasm uch as the well is  filled up to  a  depth  of ap - 
proxim ately 500 feet, little  w a te r is believed to  be obtained from  
the  deeper s tra ta . The in itia l flow was reported  to  be 750 gallons 
a  m inute and the  discharge of the  well, when pum ped w ith  an 
a ir lif t  installed in  1926, 1,500 gallons a  m inute. On May 18, 
1929, the  reported  nonpum ping level w as 41.5 fee t above land 
surface and  th e  n a tu ra l flow w as 514 gallons a  m inute. The a ir - 
l if t  was removed from  the well in  A ugust 1934, and th e  well was 
connected to  a  common suction line w ith  o ther wells in  the  field. 
A tu rb ine  pum p, powered by an  electric m otor, w as installed 
in  Ja n u a ry  1948, and the  well can now be pum ped e ither by 
m eans o f th e  tu rb ine  pum p or by the  common suction and booster 
pump. A t th a t  tim e, the  well reportedly would yield 900 gallons 
a  m inute w ith  a  pum ping level o f 80 fee t and 1,000 gallons a  
m inute w ith  a  pum ping level of 100 fee t below the  pumphouse 
floor.
Well 9A (89-28-19L5), drilled in  1927 as a  te s t  hole to  a  depth 
of 260 feet, had a  large enough yield to  w a rra n t using i t  as a  
supply well. I t  w as cased w ith  6-inch casing to  245 feet. The 
in itia l flow w as reported  to  be 675 gallons a  m inute and  the  non- 
flowing head 37 fee t above land surface in  Septem ber 1927. On 
May 18, 1929, the  nonflowing head w as reported  to  be 41.5 fee t 
above land surface and the  n a tu ra l flow 549 gallons a  m inute. 
The well w as plugged and abandoned in  Novem ber 1944.
Well 9 (89-28-19L6), located w ithin a  few  fee t of well 9A, 
w as completed in A ugust 1931 a t  a  depth of 269 fee t and deep- 
ened in Novem ber 1938 to  a  depth of 553 feet. A t the  la tte r  date 
the  well was reported  to  be cased w ith  20-inch pipe from  7 to  76 
feet, 16-inch pipe from  4 to  243.6 feet, 12-inch pipe from  192.5 
to  277.5 fee t (perfo rated  from  258 to  275 fe e t) , and 8-inch pipe 
from  275 to  323 fee t (perfo ra ted  from  313 to  323 fe e t) . Burlap 
packers w ere placed a t  depths o f 214, 234, 246, 251, 256, 300, 
and 310 feet. The well is reported to have been pum ped in A u- 
gust 1931 a t  a  ra te  o f  1,200 gallons a  m inute w ith  a  pum ping 
level of 50 feet, 1,800 gallons a  m inute w ith  a  pum ping level of 
80 feet, and  1,925 gallons a  m inute w ith  a  pum ping level of 89 
feet. A t the  tim e the  well w as deepened in 1938, th e  reported
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flow was 350 gallons a  m inute a t  a  drilling  depth  of 334 feet and 
about 500 gallons a m inute when the  well had reached a  depth of 
498 feet.
Well 9 w as connected to  a  common suction line w ith o ther wells 
in the  field about 1932. In  December 1947 a tu rb ine  pum p w as 
installed on th e  well w ith a  se tting  of 50 f e e t ; th is  was lowered 
in M arch 1948 to 70 feet. W hen the  tu rb ine  pum p w as installed, 
the  yield of the  well w as reported to be 1,500 gallons a  m inute 
w ith  a  50-foot pum ping level; in M arch 1948 the  yield w as re - 
ported to  be 1,550 gallons a  m inute w ith a  45-foot pum ping level. 
Yields and pum ping levels vary  according to  the  operation of 
o ther wells, the duration  of a  te s t on a  particu la r well, and the  
general nonpum ping head fo r  the  field, which is a t  a  varying 
height above land surface. Well 9 can be pum ped by m eans of 
the  common suction and booster pump, the  tu rb ine  pump, o r 
both.
Well 10 (89-28-19L7) was drilled in Septem ber 1931 to a  re - 
ported depth o f 432 fee t and cased w ith  6-inch pipe to  a  depth 
of 243 feet. The in itia l flow was reported to  be 200 gallons a 
m inute, and because of the small yield the  well was abandoned 
and plugged in  Ju ly  1938.
Well 11 (89-28-19L8) was drilled in Septem ber 1931 to  a  re- 
ported depth of 530 fee t and cased w ith  6-inch pipe to a  depth of 
245 feet. The reported  flow a t  the  tim e o f completion w as 600 
gallons a  m inute. The well w as connected to  the  common suction 
line fo r all the wells until Novem ber 1944, when i t  w as aban- 
doned and plugged.
Well 12 (89-28-19L9) is a  few  fee t w est of well 11 and w as 
drilled in  December 1931 to  a  depth of 541 feet. I t  w as recased 
in  1949 to  a  depth of about 244 feet w ith  12-inch casing which 
is attached, by m eans of a  swedge nipple, to  8-inch pipe extend- 
ing  to  a  depth  of about 317 feet. The swedge nipple probably 
res ts  on top of an  older 10-inch casing, which is reported  as  ex- 
tending  from  246 to  311 feet. The in itia l flow from  th is  well was 
reported to  be 1,000 gallons a  m inute, 80 percen t of the  w ater 
coming in to  the  well in the  in terval betw een 345 and  528 feet. 
The nonflowing head w as reported  to  be 28 fee t above land su r- 
face in December 1931. The well was connected to  th e  suction 
line common to all th e  wells, and in November 1944 was equipped 
w ith a tu rb ine  pump.
Well 15 (89-28-19L12) w as completed in  Ja n u a ry  1949 a t  a  
depth  of 2,307 feet, finishing in  rocks of supposed pre-C am brian
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age. Casing in the  well includes about 308 feet of 20-inch pipe 
from  about 10 fee t above land surface to a  depth o f 298 feet 
(the  upper 40 fee t o f pipe below land surface is cemented in  the 
hole), 812.5 fee t of 16-inch pipe from  271.5 to  1,084 feet, 173.5 
fee t of  14-inch pipe from  1,289.5 to  1,463 feet (perfo rated  
through St. P e te r sandstone), and about 370 feet of 10-inch pipe 
from  1,750 to 2,120 fee t (perfo rated  in upper 200 fee t) .
By casing the  well to  1,084 fee t the  aquifers developed by the  
o ther wells in the  field a re  no t draw n upon. V ery little  w ater 
entered the  well between 1,084 and 1,350 feet, and when the well 
had penetrated  the  St. P e ter sandstone a  yield of approxim ately 
90 gallons a  m inute was obtained. Setting  off explosives opposite 
the Jo rdan  sandstone between depths of 1,736 and 1,815 fee t was 
successful in increasing the specific capacity of the  well, which 
when pu t into production in 1949, yielded about 3,000 gallons a 
m inute.
Hydrology o f the well field. C ity wells 3, 8, 9, and 12 obtain 
all th e ir  supply from  M ississippian rocks. Well 14 obtains a  p a r t  
of its  w ater from  the M ississippian but  reportedly obtains m ost 
of its w a te r from  the  underlying Devonian rocks. These two 
aquifers a re  separated  by shale beds (pis. 3 and 4 ) . Well 15, 
however, probably obtains m ost o f its  w ater from  the  Jo rdan  
sandstone and overlying P ra ir ie  du Chien form ation.
Wells 3, 9, 12, and 14 a re  located in  the graben created by 
fau lting  in  the  a rea  (F o rt Dodge f a u l t ) . Well 15 penetrated  the 
s tra ta  in the  graben to  a  depth of about  770 feet and then  passed 
through the fau lt into the  upthrow n section south of the graben. 
Well 8 is located im m ediately south of the  graben. F au lting  has 
probably disrupted the  beds w ith in  the  graben  and fo r some 
distance on either side, producing favorable conditions fo r the 
local development of large frac tu re  and solution cavities in the 
limestone beds.
The w ater-bearing  beds seem to be connected a t  depth, possibly 
through porous m ateria ls developed along the fau lt and by dis- 
ruption of the  confining shale beds. The aquifers a re  also con- 
nected artificially in m ost of the  wells, as the deeper wells, w ith 
the  exception of well 15, have not been cased any deeper than  is 
necessary to  p reven t caving m ateria l from  en tering  the  well. The 
several aquifers utilized now seem to have essentially the same 
head, thus suggesting fu rth e r  th a t  the aquifers a re  intercon- 
nected in th is  locality. F o r instance, recovery m easurem ents 
made on wells 3, 8, 9, 11, and 12 on October 15, 1944, when
pum ping w as stopped fo r about 6 hours, indicate th a t  the  w ater 
levels in these wells rise a t  about the  same ra te  and to  w ith in  0.4 
foot of the  same elevation. A fte r completion of well 15, a 
m easurem ent made on October 4, 1951, indicated th a t  the  w ater 
level w as w ith in  0.2 foot of the nonpum ping level in  the  shallower 
wells. The connection between wells and aquifers is no t uniform , 
however. F o r example, when well 12 is pum ped i t  causes a  
g rea te r draw down in wells 8 and 9 th an  in  well 14, which is 
closer to  well 12 th an  either 8 o r 9.
The transm issib ility  of the w ater-bearing  beds in  the  M issis- 
sippian rocks w ith in  the  graben and the im m ediately ad jacent 
area  a t  the well field is very high. D ata  collected du ring  a  pum p- 
ing te s t m ade on well 12 indicate an  apparen t transm issib ility  of 
about 600,000 gallons a day per foot. Recovery m easurem ents 
made on the wells during  short periods when pum ping is stopped 
tem porarily  also indicate an equally high transm issib ility  fo r 
these shallow aquifers. T h a t th is  high transm issib ility  is local 
and probably confined to the rocks in the graben  and im m ediately 
ad jacen t rocks is shown by changes in the  recovery ra te  of the 
w ater levels when pum ping ceases. Also, the  aquifers w ith in  
the  graben a re  not uniform ly perm eable, inasm uch as a  few  tes t 
wells drilled w ith in  the  graben have only small yields. The ap - 
paren t transm issib ility  of the aquifers open to  well 15 is about
110,000 gallons a  day per foot. The transm issib ility  decreases 
a t  some distance from  the  well, however, possibly because of 
p a rtia l boundary conditions created by the  fau lting  in th e  area.
In terference between the  shallow wells in  the  field is small. 
F o r example, when well 12 is pumped a t  the  ra te  of 1,600 gallons 
a  m inute fo r  3 hours i t  produces a  draw down of 1.0 foot in  well 
9, about 310 feet from  well 12, and 0.7 foot in  well 8, about 490 
fee t from  well 12. The wells have specific capacities ranging  
between 10 and 55 gallons a m inute per foot of draw down a fte r  
a  few  hours' pum ping.
All th e  wells in the  field, w ith  the possible exception of well 
15, may be considered to be one large well draw ing  w ater from  
the interconnected aquifers in  or n ear the graben. The m aterial 
in  the  graben  is a  highly perm eable conduit into which w ater 
moves from  the  ad jacen t and much less perm eable w ater-bearing  
beds of the limestones of M ississippian age and subjacent beds 
down to the sandstones of Cam brian age, although the  effective- 
ness of the  conduit probably decreases w ith  depth. As the  graben 
is known to persis t fo r a  distance of a t  least 2 miles, consider-
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able w ater can drain  into i t  even from  relatively impermeable 
beds.
No records seem to be available on the  m agnitude of the 
a rtesian  head when the  in itia l development took place in the  
well field. No m ention is m ade of any p ressure  differentials in  
the various aquifers encountered in well 1, drilled to  the Jo rdan  
sandstone. The flow from  th is  well increased w ith  depth, b u t 
th is could have been the case if  the  head had been the  same 
in  each aquifer, the increased flow sim ply representing  the  con- 
tribu tion  of ano ther aquifer. In  1911 the head in well 3 w as 
reported as 62 feet above land surface or about 1,043 feet above 
sea level. The w ater level in  well 9A w as reported to  be 37 feet 
above land surface, o r 1,021 fee t above sea level, in Septem ber 
1927 and 41.5 fee t above land surface in  M ay 1929. The same 
w ater level above land surface w as reported  fo r well 8 in M ay 
1929, b u t inasm uch as the land surface is lower a t  well 8 the  
a ltitude of the  w ater level would be 1,019.5 feet, o r  6 fee t below 
th a t reported fo r  well 9A. In  December 1931 the nonpum ping 
w ater level in the  recently completed well 12 was reported  to  be 
28 fee t above land surface, o r a t  an  a ltitude  of 1,103 feet. On 
completion of well 14, the  w ater level w as about 20 fee t above 
land su rface (altitude, 1,003 fee t) in June  1935.
A few  recovery tests  have been m ade on the wells during  
short periods when no pum ping was done. On October 12, 1944, 
the  w ater level rose to an  a ltitude  of 995 fee t a f te r  pum ping had 
ceased fo r  2.6 hours. Again, on October 15, 1944, the w ater 
level rose to an altitude of 996 fee t a f te r  the  wells w ere idle fo r 
6.6 hours. In  the  following year, on M arch 24, the  w ater levels 
rose to  an  altitude of 995 fee t a f te r  th e  well field had been idle 
fo r  3 hours. On October 4, 1951, a f te r  an  idle period of 1.5 
hours, the w ater levels in the wells recovered to  an  a ltitude of 
only 983 feet.
I f  pum ping from  the  field had been a t  a  constant, uniform  
rate , the  r a te  o f decline in w a te r levels m ight be expected to 
diminish. The w ithdraw al of w ater, however, has increased 
m arkedly since 1930, and th is  has tended to  m ain tain  or increase 
the in itia l ra te  of draw down in the  well field. Table 7 shows the  
volume of w ater pumped from  th e  well field from  1927 through  
1950. A m ore detailed review of the pum page is shown in figure 
17. The consumption of w ater w as increased substantially  in 
1934 when a  m eat-packing p lan t began operation. Since 1934 
th is  company’s use of w ater has increased to  an average of about
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TABLE 7. WATER PUMPED BY CITY OF  FORT DODGE
Year
Gallons
Year
Gallons
Total
(in  millions)
Daily average (in thousands) Total
(in millions)
Daily average 
(in thousands)
1927 361.0 989 1939 797.0 2 , 186
1928 378.4 1,037 1940 809.7 2,218
1929 373.2 1,023 1941 822.1 2,252
1930 383.4 1,050 1942 842.3 2,308
1931 396.2 1,035 1943 943.4 2 ,585
1932 408.7 1,284 1944 994.9 2,726
1933 501.9 1,375 1945 992.3 2 , 710
1934 630.0 1,470 1946 1,078.3 2 ,954
1935 037.0 1,745 1947 1,224.6 3,355
1936 718.6 1 ,969 1948 1, 300.2 3 ,56 2
1937 659.3 1,800 1949 1,363.3 3 ,735
1938 682.4 1,870 1950 1,300.1 3 ,56 2
1 million gallons a  day in 1948 and 1949. Additional consumption 
of w ater has been created by several air-conditioning units, m ost 
of which w ere installed a f te r  1944. F igu re  17 shows the  large 
increase in the  use of w ater du ring  the m onths of Ju ly  and 
A ugust, p articu larly  du ring  the  la s t few  years of record.
A n accurate prediction of the  tren d  in  pum ping levels in  the 
well field is no t feasible a t  present, b u t the  available da ta  suggest 
th a t  w ater levels will decline 1 to  2 fee t a  y ear if  the w ithdraw al 
increases about the sam e as du ring  the  p a s t 15 years. I f  w ith - 
draw als a re  m aintained a t  the  p resen t ra te  of about 3.3 million 
gallons a day, a  decline of less th an  10 fee t is to  be expected in 
the  next 30 years.
Gowrie. The in itia l well (86-30-1P1) drilled fo r the  tow n of 
Gowrie was completed in  1902, reportedly to  a  depth of 620 feet, 
and cased w ith  6-inch pipe to 350 feet. The principal w ater- 
bearing  bed is probably the H am pton form ation. The w ater 
level was reported  to  be 50 fee t below land surface in itially  and 
92.8 fee t below land surface on Septem ber 14, 1942, when the 
draw down was 35.8 fee t a t  34 gallons a  m inute. The tem pera tu re  
of the  w ater was 53½ °F . By 1950 the  well w as pum ping d irty  
w ater, and i t  was plugged and abandoned in  1951.
A  second well (86-30-1P2) was drilled in  1926 to  a  depth of 
1,842 feet, finishing in  the  Shakopee dolomite member of the 
P ra ir ie  du Chien form ation. I t  is cased w ith  16-inch pipe to  a  
depth of 182 feet, 12-inch pipe from  175 to  385 feet, 10-inch pipe 
from  754 to  860 feet, tw o 8-inch liners to ta ling  226 fee t se t a t  
1,678 and 1,300 feet, and 6-inch pipe from  1,673 to  1,693 feet. 
The principal supply was reported  to  have been obtained from  
the  St. P e te r sandstone and underly ing Shakopee dolomite
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Figure 17.—Graph showing total pumpage by months from city wells a t 
Fort Dodge (solid line) and pumpage excluding th a t used by one large 
consumer, which started operation in 1934 (dash line).
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member. The in itia l w ater level was about 81 fee t below land 
surface, and the  reported  yield w as 300 gallons a  m inute w ith  
the  pum p se t a t  150 feet. As of 1942, the  well was equipped w ith 
a  tu rb ine  pum p w ith a  se tting  of 180 feet, and had a  draw dow n 
of approxim ately 20 fee t when pum ped a t  the  ra te  of 160 gallons 
a  m inute. The nonpum ping w ater level on Septem ber 14, 1942, 
was about 111 fee t below land surface. The tem pera tu re  of the 
w ater was 54½ ° F.
A  shallow er well (86-30-1Q1) w as completed in Ju ly  1950 in 
sand and gravel in  the  basal p a r t  of the Pleistocene a t  a  depth 
of 250 feet. I t  is cased w ith  12-inch pipe to  a  depth of approx- 
im ately 231 feet, and about 16 fee t of 8-inch screen, se t a t  249 
feet, is attached  to  8- and 10-inch pipe which extends up  in to  the 
12-inch pipe a  distance of about 12 feet. The in itia l w ater level 
was 44.3 fee t below land surface and the draw dow n about 29.5 
fee t a f te r  a  pum ping period of 2 hours a t  approxim ately 180 gal- 
lons a  m inute. The pum ping levels during  th is  test, shown in 
figure 15, and the  hydraulics of the  aquifer a re  discussed on page 
52. The well was equipped w ith a  tu rb ine pum p and p u t in  serv- 
ice in A ugust 1951. The tem pera tu re  of the  w ater is 51° F.
The w ater pum ped from  the  two producing wells is h a rd  and 
has a  high iron content; th a t  from  the deep well contains 2.0 
p a rts  per million fluoride. The w ater is first pumped th rough  an  
iron-rem oval un it and then  usually into the  w ater tow er, which 
has a  capacity of 45,000 gallons. The tow n m ain tains records 
of the  am ount of w ater pum ped; th is  inform ation is given in 
table 8 by m onths from  Ju ly  1941 through A ugust 1950.
TABLE 8. WATER PUMPED BY TOWN OF GOWRIE 
(Millions of Gallons)
1941 1942 1943 1944 1945 1946 1947 1948 1949 1950
January 1.36 1.46 2.03 1.83 1.56 2.04 4.10 3.09
February 1.46 1.42 2.62 1.78 1.87 1.51 2.47 4.01 2.63
M arch 1.33 1.22 1.33 1.63 1.72 1.42 1.96 2.71 2.21
April 1.42 1.39 1.66 2.07 1.67 2.22 2.79 2.57
M ay 1.37 1.40 1.75 2.47 1.87 2.63 3.39 2.80
June 1.86 1.66 1.63 2.00 2.63 2.62 3.57 3 .91 3.49
Ju ly 2.14 1.87 1.94 1.74 2.21 3.05 2.89 3.64 4.12 4.13
August 2.17 1.87 2.15 2 .3 t 2.26 3 .03 4.18 3.70 4.45 4.15
September 2.53 2.28 2.16 2.38 2.94 2.95 2.32 4.44 3.47
October 2.04 1.91 2.03 2.41 2.63 2.75 2.98 3.88 3.26
November 1.55 1.50 1.98 2.39 2.35 2.64 2.60 3.88 3.34
December 1.37 1.46 1.50 1.89 2.06 2.11 2.60 3 .95 3.24
Total 19.69 20.31 25.30 29.17 28.22 38.38 42.79
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Harcourt. A well (86-29-13C1) w as drilled in  1939 fo r the  
town of H arcourt to a  depth of 1,092 fee t and cased w ith  8-inch 
pipe to a  depth of 197 feet, 6-inch pipe from  169 to 349 feet, 5- 
inch pipe from  338 to 425 feet, and w ith  4-inch pipe from  402 
to 842 feet. The in itia l w ater level w as reported  to  be 108 fee t 
below land surface, and the draw dow n w as 52 fee t a f te r  the 
well had been pum ped fo r 24 hours a t  30 gallons a  m inute. 
F rom  water-level-recovery da ta  subm itted by th e  engineer on the  
project, the  transm issib ility  is computed to  be about 750 gallons 
a  day per foot. The well is equipped w ith  a  tu rb ine  pum p pow- 
ered by an  electric m otor. The tem pera tu re  of the w ater meas- 
ured a t  the  pum p is 57° F .
The w a te r is hard , contains an  excessive am ount of iron, and 
has a  fluoride content of 2 p a rts  pe r million. I t  is pum ped under 
pressure th rough  an  iron-rem oval u n it and  directly into the 
w ater tow er, which holds 25,000 gallons. The am ount of w ater 
pumped is n o t m etered, b u t i t  is estim ated th a t  the  average 
pum page in  1948 w as about 3,000 gallons a  day.
Lehigh. Two wells located in  the  valley of the  Des Moines 
R iver supply the  needs of the  tow n of Lehigh. Well 87-28-12J1, 
329 fee t deep, is probably finished a t  the  base o f the  Gilmore 
City limestone. I t  w as cased w ith  6-inch pipe originally and re - 
cased w ith  4-inch pipe in 1951. The n a tu ra l flow w as reported  
to be 15 gallons a  m inute, and a  tu rb ine  pum p delivers 60 gallons 
a  m inute w ith a  reported  pum ping level of 165 feet.
Well 87-28-12J2 was completed in  1937 a t  a  depth of 1,005 
fee t in  the  W apsipinicon limestone. I t  is cased w ith  12-inch cast 
iron pipe to  a  depth of 216 feet and w ith  10-inch pipe from  178 
to  300 feet. The well flowed a t  a  reported  ra te  of 100 gallons 
a  m inute, about 25 gallons a  m inute being obtained from  the 
W apsipinicon limestone and th e  rem ainder largely from  the 
Cedar Valley limestone and younger Devonian rocks. No pum p 
has been installed on the  well as the  w ater is under sufficient 
pressure to  flow in to  a  small reservo ir a t  the  m ain pumphouse. 
The tem pera tu re  of the  w ater is 52½ ° F .
The w ater from  the  shallow er well is hard , has an  iron  con- 
ten t of 0.5 p a r t  p e r million and  a  fluoride content of 2.0 p a rts  
per m illion ; w ater from  the deeper well is very  ha rd  and has a 
fluoride content of 2.0 p a rts  p e r million. The w ater from  the 
shallower well is pum ped under p ressure  through  an  iron-re- 
moval and zeolite softening un it and  into a  sm all reservo ir a t  
the  trea tm en t p lant. The trea ted  w ater has a  hardness of about
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8 grains o r 137 p a rts  per million calculated as equivalent calcium 
carbonate. The w ater is then  pum ped from  the  reservoir into the 
m ains under a  p ressure  of about 240 fee t of w ater, th e  over- 
flow going into the 60,000-gallon w a te r tow er located on the  up- 
land level. The deeper well is used only in em ergencies because 
of the excessive hardness of the w ater. D uring 1949 the average 
daily pum page a t  Lehigh was estim ated to  be 27,000 gallons.
Moorland. The town of M oorland has no public w ater-supply 
system, and w ater is obtained from  p riva te  wells bored to  depths 
rang ing  between 40 and  70 feet. The M oorland Consolidated 
School obtains its  w ater supply from  a  well drilled in to  rocks of 
the  Osagian series a t  a  depth of 325 feet. The w ater level is re - 
ported  to  be 145 feet below land surface. A force pum p yields 
7.5 gallons a  m inute, the  draw dow n being less th an  40 feet. The 
w a te r is hard , has a  tem pera tu re  of 51° F ., and is passed 
through  an  iron-rem oval un it before en te ring  a  sm all p ressure  
tank .
S tra tfo rd . The tow n supply fo r  S tra tfo rd  is  obtained from  
tw o wells (86-26-7M1 and 86-26-7M2) in  H am ilton County, in 
the  N W ¼ SW ¼  sec. 7, T. 86 N., R. 26 W. Town well 86-26-7M1 
was completed in  1935 a t  a  depth of 495 fee t in  lim estone o f Mis- 
sissippian age and is  cased w ith  12-inch pipe to  a  depth  of 319 
fee t and 10-inch pipe from  291 to  462 feet. T he w ater level is re- 
ported  to have been in itia lly  180 fee t below land surface, and  in  
Septem ber 1942 i t  was about 210 feet. The draw down a t  225 gal- 
lons a  m inute is approxim ately 10 fee t a t  the  end of th e  norm al 
pum ping period. The tem pera tu re  of the  w ater is  53° F . An 
older well (86-26-7M 2), reportedly 500 fee t in  depth, is located 
about 10 fee t no rth  of the  principal well. Both wells a re  equipped 
w ith  tu rb ine  pumps.
The w ater pumped from  the  wells is h a rd  and contains 1.0 
p a r t  per million iron and  1.6 p a rts  pe r m illion fluoride. W ater 
is pumped directly from  the  wells th rough iron rem oval and 
zeolite softening equipm ent into tw o pressure tanks. The trea ted  
w ater has a  hardness o f about 5 g ra in s o r 85 p a rts  per million 
calculated as equivalent calcium carbonate. I t  is estim ated th a t  
an  average o f 20,000 gallons a  day w as pumped du ring  1942.
Vincent. The tow n of V incent has no public w ater-supply 
system . Several privately  owned drilled wells a re  finished in  th e  
basal sands and gravels of the  Pleistocene o r in th e  upper few  
fee t of lim estone com prising th e  bedrock in th e  locality, which
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yield ample supplies of w ater. The w ater level generally 
stands w ith in  15 fee t o f the  surface in these wells when they  are  
idle. The tem pera tu re  of th e  w ater pumped is 49 °F . There are  
several bored wells in  tow n about 25 fee t in  d e p th ; the  w ater in 
these wells stood w ithin  about 8 fee t of th e  land surface in th e  
fall of 1942.
Quality of Water
The general charac te r of the  ground w aters in  the  different 
w ater-bearing  beds in  W ebster County is indicated by the  67 
w ater analyses presented in  table 9. The w ater samples were 
collected by personnel o f the  Geological Survey and the  Iowa 
S tate  D epartm ent of H ealth  and analyzed in  the W ater Analysis 
Laboratory  of the  S ta te  H ygienic Laboratories in cooperation 
w ith the  Iowa Geological Survey and the Iowa S tate  D epartm ent 
of Health.
Chemical Constituents in Relation to Use
Dissolved solids. W hen a  w ater sample is evaporated to d ry- 
ness, the  residue consists o f the constituents th a t  w ere dissolved 
in w ater plus a  small am ount of w ater of crystallization and pos- 
sibly some organic m atter. W ater containing less th an  500 p a rts  
pe r million of dissolved solids generally is sa tisfactory  fo r  do- 
m estic use, although i t  m ay be h a rd  and contain an  excess of iron 
and fluoride. W ater containing m ore th an  1,000 p a rts  per m il- 
lion is likely to  have an  objectionable ta s te  o r be unsatisfactory  in  
o ther respects. M ost of the  w ater analyzed from  wells in the  
county contains m ore than  500 p a rts  per million, and a  few  
samples contain m ore th an  1,000 p a rts  p e r million of dissolved 
solids.
H ardness. Calcium and m agnesium  contribute largely to  the 
hardness of a  w ater. These elem ents reac t w ith soaps to form  
insoluble sa lts ; thus the  reaction of the  w ater w ith  soap is a  
m easure of hardness. The g rea te r the  calcium and m agnesium  
content, the  h a rd e r  th e  w a te r and th e  m ore soap required to  
obtain suds.
Calcium and m agnesium  bicarbonates cause carbonate h a rd - 
ness. This is often refe rred  to as the  tem porary  hardness inas- 
much as calcium and  m agnesium  carbonates a re  precipitated  
from  solution to  fo rm  scale w hen the  w ater is boiled. The non- 
carbonate or perm anent hardness is caused by calcium and m ag- 
nesium sulfates o r chlorides. The carbonate, noncarbonate, and 
to ta l hardnesses of w a te r from  wells in  W ebster County a re  given 
in  table 9.
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TABLE 9. ANALYSES OF WATERS FROM
Dissolved constituents given in parts per million and in equivalents per 
million (in italic). One p a rt per million is equivalent to one pound of sub- 
stance per million pounds of water or 8.84 pounds per million gallons of 
water. An equivalent per million is a unit chemical equivalent weight of 
solute per million unit weights of solution. Concentration in equivalents 
per million is calculated by dividing the concentration in parts per million 
by the chemical combining weight of the substance or ion.
Well number Locat ion Owner
Depth
(feet) Principal aquifer
Date of 
collection
86-28-2P1
T . 86 N., R. 28 W. 
SE¼SE¼SW¼ sec. 2  E . & K. G a b r i e l s o n 720 Hampton limestone Sept. 20, 1951
86-28-9Rl SE¼ S E ¼ S E ¼  sec . 9 Mary Ekatrand 31.0 Pleistocene S e p t 20, 1951
86-28-14H1 SW¼SE¼NE¼ sec. 14 . Dayton, town well 2 1,240 Wapsipinicon limestone Sept. 21, 1950
86-28-21B 1 N E ¼NW¼NE¼ sec. 21 DeKalb Hybrid Seed Co. 104 Pleistocene Sept. 20, 1951
86-28-31C1 NW¼NE¼NW¼ sec. 31 F. I. Johnson 58.9 Pleistocene
deposits
Sept. 20, 1951
86-29-3C1
T. 86 N., R. 29 W. 
NW¼NE¼NW¼ sec. 3 Edna Nelson 19.4 Pleistocene Sep t . 20, 1951
86-29-13C 1 SW¼ N E ¼ N W ¼  sec.13 Harcourt, town well 1,092 Cedar Valley 
limestone
Sept. 21, 1950
86-29-26Q1 SW¼SW¼SE¼ sec. 26 Lanyon Com. School 57.7 Pleistocene Sept. 12, 1942
86-29-35C2  SE¼NW sec.35 A. V. Mossberg 71.4 Pleistocene
deposits
S e p t. 11, 1942
86-30-1P 1
T. 86 N., R. 30 W. 
S E ¼ S E ¼ S W ¼  sec.1 Gowrie, town well 1 620 Gilmore City- 
Hampton for'tion
June 19 , 1940
86-30-1P2 SE¼SE¼SW¼ sec. 1 Gowrie, town well 2 1.842 St . Peter—Prairie 
du Chien for'tions
June 19 , 1646
86-30-1Q1 NW¼SW¼SE¼ sec. 1 Gowrie, town well 3 250 Pleistocene
deposits
July 17, 1951
86-30-15P1 S E ¼SE¼SW¼ sec. 15 C .J . Johnson M2 Pleistocene
deposits
S e p t. 20, 1951
86-30-3IA1 SE¼ NE¼NE¼ sec. 31 John Carstenso n 60.0 Pleistocene
deposits
Sep t . 20, 1951
87-27-10B1
T. 87 N., R. 27 W. 
N E¼NW¼NE¼ sec. 10 J .H .  Goodrich 43.0 Pleistocene S e p t. 21, 1951
87-27-18M1 SW¼NW¼SW¼  sec. 18 J . B. M arsh 355.8 Desmoinesian
series
M ay 1, 1947
87-28-I2J1
T. 87 N ., R. 28 W. 
SE¼NE¼SE¼ sec. 12 Lehigh, town well 1 329 Gilmore City 
limestone
Aug. 8, 1951
87-28-12J2 SE¼NE¼SE¼ sec. 12 Lehigh, town well 2 1,005 Wapsipinicon 
limestone
Dec. 7 , 1937
87-28-15N1 NW¼SW¼SW¼ sec. 15 Burnside Cons. School 181.5 Desmoinesian
series
O c t. 22, 1942
87-20-9D1 
T. 87 N., R. 29 W. 
NW¼NW¼NW¼  sec. 9 W. G. Larson 65.2 Pleistocene
deposits
S ep t. 20, 1951
87-30-3C1
T. 87 N., R. 30 W. 
NW¼NE¼NW¼ sec. 3 W. R. Ingram 108 Pleistocene
deposits
May 19, 1949
87-30-12E 1 SE¼SW¼NW¼ sec. 12 Callender, town well 1 727 Mississippian
rocks
Jan . 27, 1945
87-30-12L1 N E¼NE¼SW¼ sec. 12 Callender, town well 2 88 Pleistocene
deposits
April 10, 1947
87-30-1 2 L 2 SW¼NE¼SW¼ sec. 12 Callender, town well 3 185 Desmoinesian
series
No v . 1. 1949
88-27-3D 1
T. 88 N., R. 27 W. 
SW¼NW¼NW¼ sec. 3 Duncombe, town (park) 974 Mississippian— 
Devonian Rocks
J an. 26, 1945
8 8 -2 7 -llJl SE¼NE¼SE¼ sec. 11 H. J .  Dunbar 170 Pleistocene
deposits
May 19, 1949
88-27-11N1 SW¼SW¼SW¼ sec. 11 Peter Ostblom 209 Pleistocene
deposits
M ay 19, 1949
88-27-4A3 SW ¼NE¼NE¼ sec. 4 Duncombe, town well 1 417 Mississippian
rocks
Aug. 14, 1934
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Principal aquifer is given, but some water commonly is derived also from 
other formations in the uncased portion of the well (table 11).
pH: Determination commonly made several days a fte r collection of sample 
and may not be identical with determination made a t  the well.
Temperature 
(°F)
Iron (Fe)
Calcium 
(Ca)
Magnesium 
(Mg)
Sodium 
and 
Potassium 
(Na + K)
Bicarbonate 
(HCO3)
Sulfate 
(SO42)
Chloride 
(Cl)
Fluoride 
(F)
Nitrate 
(NO3)
Disolved 
Solids
Hardness (calculated 
as CaCO3) Total  
Carb-     Non-carbonate          o n a t e  
Specific 
conductance 
(micromhos at 25°C) pH
52 3 .5 87 41 123 408 284 12 2.2 0 .0 800 380 334 52 1,070 7 .5
4 .34 3.37 S.3S 6.60 5.01 .34 .18 .00
557 .1 206 65 57 493 271 59 .4 116 1,130 781 404 377 1,520 7.4
10.28 5.34 2.48 8.08 5 .64 1.66 .09 1.37
58 .8 185 100 05 327 665 14 2 .8 0 1,280 872 268 604 1,560 7.4
9 .23 8 .22 2 .83 5.36 13 .85 .40 .15 .00
52 1.1 131 47 76 598 166 1.5 .5 15 776 520 490 30 1,090 7.2
6.54 3 .86 3.30 9.89 3 .46 .04 .03 .24
54? 0.2 170 57 43 432 195 47 0 .3 138 947 658 354 304 1,520 7.4
8 .48 4 .69 1 .87 7.08 4.06 1.33 .03 3.33
52 .0 165 52 38 480 107 52 .4 126 799 626 393 228 1,500 7.4
8 .23 4 .2 8 1 . 65 7 .87 8 .23 1.47 .03 2 .03
57 .8 123 70 62 359 385 12 2 .0 1.8 911 595 294 301 1,040 7.4
6.14 5.76 2 .70 8.87 8.03 .34 .11 .0 3
50? .8 192 50 51 427 409 16 .0 22 1,060 684 350 334 7.2
9.58 4.11 2.22 7.00 8.53 .45 .00 .35
50? .5 153 43 13 306 147 84 .0 13 650 553 300 258 7.1
7.63 3.54 .57 6.00 3.06 8 .37 .00 . 21
1.1 68 49 50 315 215 16 2.4 .0 673 371 258 113 862 7.4
3 .39 4 . 0 3 2 .43 6.16 4.48 .45 .13 .00
.5 91 49 07 415 219 17 2.0 .0 712 428 340 88 975 7 .5
4.54 4.03 3.91 6.80 4.56 .48 .11 .00
51 2.7 93 39 98 515 148 9 .0 .6 15 715 392 362 0 1,010 7 .6
4.64 3 .21 4 .26 8.44 3.03 .35 .03 . 24
1.1 134 S3 82 568 212 6 .0 .8 4.4 890 552 466 86 1,050 7.4
6 .68 4.36 3 .57 9 .31 4.41 .17 .04 .07
.5 251 76 68 454 370 52 .4 314 1,430 938 372 566 1,830 7.4
12.62 6 .25 2 .96 7.44 7.70 1.47 .02 5 .06
51 0.0 211 72 22 025 208 55 0.05 50 985 822 512 310 1,500 7.0
10.53 5 .92 .96 10.34 4 .29 1.55 .00 .81
5 1 1.3 120 56 66 476 259 14 1.6 .0 778 530 390 140 1,140 7 .5
5.99 4 .61 2 .8 7 7.80 5.30 .40 .06 .00
.05 140 73 45 400 374 10 2 .0 .0 989 650 328 322 1,150 7.4
6.99 6.00 1.06 6.56 7.79 .45 .11 .00
54 .20 231 111 67 322 810 15 2.0 2 .2 1,530 1,030 264 766 7 .0
11.53 9 .13 2 .48 5 .28 16.99 .42 .11 .04
50 1.3 232 60 80 580 506 8 .0 3.1 1,240 820 480 346 7 .0
11.58 4 .93 3.48 9 .60 10.53 .23 .00 .05
5 1 .1 621 125 200 417 1400 255 1.0 538 3,790 2,060 342 1,718 3,950 7.1
30 .89 10.28 8 .70 6.83 29.15 7.10 .05 8 .68
51 1.0 156 46 57 558 240 1.0 .5 .0 838 578 466 112 1,020 7.1
7.78 3.78 2 .48 9.81 5.09 .05 .03 .00
.9 101 42 69 403 215 13 2.1 1.3 666 424 334 90 7.4
5 .04 3.46 3.00 6 .69 4.48 .37 .11 .03
4.0 181 09 32 466 226 125 .2 .0 943 735 382 353 1,160 7.2
9.04 5.66 1.39 7.64 4.70 3.52 .01 .00
0 .6 151 43 04 412 337 12 0 .9 0 .0 891 554 338 216 1,220 7.3
7.53 3 .54 3.78 6 .75 7.03 .34 .05 .00
51 1.1 105 31 72 534 133 3.7 1.2 T r 642 390 390 0 7.4
5.31 2.55 3.13 8.75 3.77 .15 .06 .00
51 4.5 150 47 95 766 124 . 5 .6 8.1 852 568 568 0 1,110 7.4
7 .48 3.87 4 .1 3 12 .55 3.58 .01 .03 .05
50 3 .0 146 49 80 690 143 1.0 .6 4 .9 839 566 566 0 1,050 7.4
7 .28 4 .03 3.48 11.31 2 .98 .03 .0 3 .08
.5 95 52 50 425 186 11 2.0 .0 035 451 348 103 7.4
4 .74 4 .28 2 .17 6.97 8.87 .31 .11 .00
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TABLE 9. ANALYSES OF WATERS FROM
Well number Location Owner
Depth
(feet) Principal aquifer
Date of 
collection
88-28-5D2
T .  8 8  N . , R .  28 W . 
NW¼NW¼NW¼ sec. 5 Certain-teed Products, 
No. 4
2 ,060 Jordan sandstone Oct. 3 , 1951
88-28-6M 1 N E¼ NW¼SW¼ sec. 6 Vincent Clay Products Co. 355 Gilmore City 
limestone
Jan. 18, 1949
88-28-8R 1 NW¼ S E ¼ S E ¼  sec. 8 Jordison Store 246 Osagian scries M ay 10, 1949
88-28-19B1 SE¼NW¼NE¼ sec. 19 A. D. Schnurr 55.0 Pleistocene
deposits
July 9, 1940
88-28-31D1 N E¼NW¼NW¼ sec. 31 J . Y. Wi c k e r a h a m 370 Gilmore City 
limestone
Mar. 30, 1944
88-28-35N1 N E¼ SW ¼SW ¼  sec. 35 Dolliver State P ark 375 Hampton
formation
Aug. 8, 1951
88-29-23A1
T. 88 N., R. 29 W. 
NE¼NE¼NE¼ sec. 23 A. Edwards 66.4 Pleistocene
deposits
Sept. 20. 1951
88-30-13D1
T. 88 N., R. 30 W. 
N E¼ N W ¼ N W ¼   sec.13. Moorland Cons. School 325 Osagian series May 19, 1949
88-30-13J1 SW¼NE¼SE¼ sec.13 Julia Finln 230 Desmoinesian and 
Osagian series
May 19, 1949
88-30-20A1 SE¼NE¼NE¼ sec. 26 Howard Loehr 162 Dakota sandstone Sept. 20. 1951
88-30-27NI SW¼SW¼SW¼ sec. 27 H . R . Fiderlick 376 Gilmore City 
limestone
Oct. 28, 1945
89-27-7A1
T. 89 N., R. 27 W. 
N E ¼ N E ¼ N E ¼   sec. 7 Ervin Den c k l a u 244 Osagian series April 22, 1949
89-27-7A2 NE¼NE¼NE¼ sec. 7 Erwin Dencklau 873 Devonian rocks Oct. 7, 1949
89-27-8A1 NE¼NE¼NE¼ sec. 8 Dubbc 53.8 Pleistocene
deposit
Aug. 11, 1939
89-28-19K2
T. 89 N., R. 28 W. 
S E¼ N W ¼ SE¼   sec. 19 F t. Dodge Crmy., well 2 404 M ississippian rocks Oct. 4, 1951
89-28-19L1 SE¼NE¼SW¼ sec.19 F t. Dodge, city well 3 218 Mississippian rocks Aug. 15, 1934
89-28-19L4 S E ¼ N E ¼ S W ¼   sec.19 F t. Dodge, city well 8 500 Mississippian rocks Aug. 16, 1934
89-28-19L9 NW¼NE¼SW¼ sec. 19 Ft. Dodge, city well 12 541 Mississippian rocks Aug. 15. 1934
89-28-1 9 L 1 1 NW¼NE¼SW¼ sec. 19 Ft. Dodge, city well 1 4 980 Devonian rocks Nov. 23, 1935
89-28-19L12 SE¼NE¼SW¼ sec. 19 F t. Dodge, city well 15 2,307 Jordan sandstone Jan. 15, 1949
89-28-19LI2 SE ¼N E¼SW¼ sec. 19 Ft. Dodge, city well 15 2,307 Jordan sandstone Oct. 5, 1951
89-28-19P5 N E¼SE¼SW¼ sec. 19 Cargill, Inc 545 Mississippian rocks Oct. 24, 1946
89-28-22A1 N E¼NE¼NE¼ sec. 22 G. H . Halverson 148 St. Louis limestone April 28, 1946
89-28-32N 1 SW¼SW¼SW¼ sec. 32 Peterson Bros 325 Osagian series June 21, 1944
89-29-25N1
T. 89 N., R. 29 W. 
SW¼SW¼SW¼ sec. 25 B. Bergman 626 Hampton
formation
Oct. 23, 1942
89-29-31F1 N E¼SE¼NW¼ sec. 31 A. J . Crawford 105 Fort Dodge 
formation
May 18, 1949
89-30-2Q1
T. 89 N., R. 30 W. 
SE¼SW¼SE¼  sec.  2 V. F. Lents ch 623 Cretaceous rocks May 17, 1949
89-30-1IRI N E¼SE¼SE¼ sec. 11 V. & M. McLaughlin 671 Devonian (?) rocks M ay 17, 1949
89-30-23R2 NE¼SE¼SE¼ sec. 23 Johnson Twp. Cons. Sch . 55 Pleistocene
deposits
Dec. 28, 1946
90-27-22K1
T. 90 N., R. 27 W. 
NW¼NW¼SE¼ sec. 22 J .  R i e c h e r t 96 Pleistocene Mar. 27, 1943
90-27-31N2 SW¼SW¼SW¼ sec. 31 C. S. Knudson 405
deposits
Kinderhookian
series
Sept. 21, 1951
90-28-15D I
T. 90 N ., R . 28 W  
N E¼NW¼NW¼ sec. 16 Badger, town well 1 280 Gilmore City 
limestone
Jan. 17, 1945
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Temperature 
(°F)
Iron 
(Fe) C
al
ci
um
 (C
a)
Magnesium 
(Mg)
Sodium and potassium 
(Na + K)
Bicarbonate 
(HCO3)
Sulfate 
(SO42) C
hl
or
id
e 
(C
l)
Fl
uo
ri
de
 (F
)
Nitrate 
(NO3) D
is
so
lv
e
d
 S
o
li
d
s
Hardness (calculated 
a s  C a C O 3 )
Specific 
conductance 
(micromhos 
 a t  25°C) pHTotal
Carbonte
Non-carbonate
57 .1 117 59 70 391 282 27 1.8 3 .5 779 535 320 215 1,240 7.8
5.84 4.85 3.04 6.42 5.87 .76 . 10 .06
2.0 109 52 47 490 155 9 .0 2.0 .0 642 486 402 84 862 7.3
5 .44 4 .28 2.04 8.08 3 .23 .25 .11 .00
53 1.0 110 39 46 464 151 2.0 2.0 .0 450 380 70 744 7.1
5 .79 3.21 2.00 76 0 3.14 .06 .11 .00
0.0 168 50 29 468 218 33 Tr 6 .6 814 624 384 240 7.1
8.38 4.11 1.26 7.87 4 .54 .93 .00 .11
49 .1 136 OR 85 549 296 13 .7 1.3 885 619 450 169 7.2
6.79 5.59 3.70 9.00 6.16 .87 .04 .02
50 3.8 110 52 48 386 226 12 2.4 .0 713 488 316 172 935 7.3
5 .49 4.28 2.09 6.33 4.71 .34 .13 .00
51 1.3 08 23 16 312 71 5 .0 .5 38 438 339 250 83 619 7.0
4.89 1.89 .70 5.11 1.48 .14 .03 .6 1
51 10.0 213 54 59 451 476 1.0 .5 2.2 1,130 754 370 384 1,210 7.1
10.63 4.44 2 .57 7.39 9.91 .08 .03 .04
51 1.2 120 31 24 520 41 1.0 .3 3.1 508 427 426 1 707 7.2
5 .99 2.55 1.04 8 .52 .85 .08 .02 .05
52 1.0 195 66 63 556 397 2.0 .4 .0 1,050 758 450 302 1,540 7.1
9.73 5 .43 2 .74 9 .11 8.27 .06 .02 .00
.2 88 41 62 493 121 5 .0 1.2 .0 592 388 388 0 7.3
4.39 3.37 3.70 8.08 2.52 . 14 .06 .00
7.8 153 56 75 632 236 3.0 1.6 .0 900 612 518 94 1,130 7.2
7.63 4 .61 3.20 10.36 4.91 .08 .08 .00
5.1 5 .0 1,070 7.2
.2 631 185 56 454 866
.14
313 Tr 890 3 ,680 2,330 310 2,027 7.2
31.49 15 .21 2.43 7.44 18.03 8.83 .00 14 .36
52 .9 135 52 47 481 218 3 .0 .7 8 .0 728 552 394 158 1,000 7.5
6.75 4.27 3.04 7.88 4.54 14 .04 .13
51 1.2 90 58 38 476 154 4.0 1.0 .0 634 463 390 73 7.0
4.49 4 .77 1.65 7.80 3.20 . 11 .05 .00
52 .9 92 52 40 415 160 5 .0 1.0 .0 646 443 340 103 7.2
4.69 4.27 1.74 6.80 3 .33 .14 .05 .00
52 1.6 84 52 34 459 122 3.0 Tr .0 581 423 376 47 7.3
4.19 4.27 1.48 7.52 2 .54 .08 .00 .00
52 1.0 119 43 2.70 403 151 7.0 Tr .0 617 474 330 144 7.1
5.94 3 .53 . 12 6 .6 1 3.14 .20 .00 .00
53 .3 108 39 204 376 237 224 1.2 .0 1,030 430 308 122 1,470 7.8
5.39 3.21 8.87 6.16 4.93 6 .32 .06 .00
57 1.2 118 45 106 436 192 89 .8 .0 779 479 357 122 1,380 7.7
5 .89 3.70 4 .61 7.14 3 .99 2.51 .04 .00
.7 129 43 51 448 195 6 .0 .6 .0 093 498 307 131 920 7.3
3.53 2.22 7.34 4.00 .17 .08 .00
51 2.5 156 49 43 500 227 2.0 0.9 0 .0 709 590 410 180 1,050 7.3
7.78 4.03 1.87 3.20 4.73 .06 .05 .00
53 .4 108 40 188 437 412 10.0 2 .0 .10 990 434 358 76 7.3
5.89 3.29 8.17 7.16 8 .58 .45 .11 .00
50 2.0 125 40 52 466 17.1 11.0 2 .0 22 694 476 382 94 7.5
6 .24 3.29 2.26 7.04 3.62 .31 .11 .85
51 1.0 188 59 82 495 472 1.0 .5 .0 1,160 712 406 306 1,240 7 .0
9.88 4.85 3.57 8.11 9.83 .08 .08 .00
54 11.5 112 32 98 483 206 8.0 .5 .0 741 411 396 15 923 7.2
5.59 2.63 4.26 7.92 4.29 .38 .03 .00
54 .45 112 41 19 439 112 1.0 .5 .0 540 448 360 88 724 7.4
5.59 3.37 .83 7.30 2 .33 .03 .03 .00
4.1 146 30 50 410 247 6 .5 .7 .0 756 488 336 152 937 7 .6
7.88 2.47 2 .17 8.73 5 .14 .18 .04 .00
51 1.6 99 33 18 449 51 2 .0 .0 5 .3 417 382 368 14 7.2
4 .94 2.71 .78 7.86 1.06 .06 .00 .00
3.0 107 53 40 456 154 8.0 1.8 3.1 594 485 374 111 872 7.3
5.34 4.36 1.74 7.47 3 .21 .23 .10 .05
3.5 118 42 45 478 167 3.3 0 .4 0 .4 650 467 392 75 7.4
5 .89 3 .45 1.96 7.83 3.48 .09 .02 .01
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TABLE 9. ANALYSES OP WATERS PROM
Well number Location Owner
Depth
(feet) Principal aquifer
Date of 
collection
90-28-15D2 NW¼NW¼NW¼ sec. 15 Badger, town wed 2 530 Kinderhookian
series
July 19, 1948
90-28-24J l SE¼NE¼SE¼ sec. 24 C. S. Knudson 164 St. Louis 
limestone
Sep t. 21, 1951
90-28-27E I SW¼SW¼NW¼ sec. 27 E. McGill 140 St. Louis 
limestone
Nov. 17, 1942
90-29-9K 1
T. 90 N., R. 29 W. 
N E ¼NW¼SE¼ sec. 9 H.&  M. Neimeyer 91 St. Louis 
limestone
May 17, 1949
90-30-3A1 T. 90 N., R. 30 W. 
N E¼N E¼N E¼ sec. 3 E. F. Bech 165 Cretaceous rocks Oct. 2, 1947
90-30-15N1 NW¼NW¼SW¼ se c .1 5 R. E . Mason Cretaceous rocks May 17, 1949
90 -3 0-35Q 1 SW¼SW¼SE¼ sec. 35 Erling Malmin 710 Cretaceous rocks May 17, 1949
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Temperature 
(°F) Ir
on
 (
F
e) Calcium 
(Ca)
Magnesium 
(Mg)
Sodium 
and 
potassium 
(Na + K) B
ic
ar
bo
na
te
 (H
C
O
3)
Sulfate (SO
42) C
hl
or
id
e 
(C
l)
Fl
uo
ri
de
 (F
)
N
itr
at
e 
(N
O
3)
Disolved 
Solids
Hardness (calculated 
a s  C a C O 3 )
Specific 
conductance 
(micromhos 
 a t  25°C) pHT
ot
al
Carbonate Non-carbonate
.8 99 80 45 439 163 6.0 1.6 .0 634 452 360 92 852 7.6
4 .94 4.11 l . 96 7.20 3.38 .17 . 08 .00
1.8 104 39 31 490 a 1.4 .3 6 .6 479 420 402 18 763 7.4
5 .10 3 .21 1 .35 8.05 1.14 .04 .02 .11
40 .4 101 24 54 505 54 4.0 .0 .0 520 350 350 0 7.2
5 .04 1 .97 2.35 8 .28 1.12 .11 .00 .00
5 1 .1 86 26 10 344 40 1.0 .5 5 .3 345 322 282 40 526 7.4
4.29 0.14 .43 6.04 .83 .03 .03 .09
51 .0 108 84 64 447 465 3.0 .7 .7 986 757 366 391 1,230 7.9
9 .88 5.26 2 .78 7 .33 9 . 6 8 .08 .04 .01
64 2.4 86 29 156 466 261 10 .7 .0 1,150 334 334 0 1,160 7.4
4.00 2.38 6.78 7.04 5.43 .08 .04 .00
61 1.0 180 40 55 490 229 5 .0 . 5 .0 770 538 402 136 955 7.1
7.48 3 .29 0.00 8.03 4 .7 7 .14 .03 .00
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W ater having a  to ta l hardness of 50 p a rts  p e r million o r less, 
calculated as calcium carbonate, is generally regarded as soft. 
The ground w ater of W ebster County is hard , a s  a re  m ost of the  
w aters  of Iowa, bu t some w aters a re  considerably h a rd e r than  
others. The range in  hardness of the ground w aters  sampled in  
the  county is between 300 and 2,400 p a rts  per million, although 
m ost of the w ater utilized probably has a  hardness of less than
1,000 p a rts  pe r million. The hardest w aters  seem to  be the  n ear- 
surface w aters, which a re  high in chlorides o r n itra tes , and the 
w ater in the W apsipinicon limestone in the  southern p a r t  of the  
county. The w aters a re  too hard  to  be used sa tisfactorily  in 
boilers w ithout treatm ent.
Iron. A n iron content of m ore th an  0.3 p a r t  per million in 
w ater pumped from  wells will generally resu lt in  th e  precip ita­
tion of iron  hydroxide o r oxide, yellowish o r reddish in  color, 
which will s ta in  plum bing fixtures, utensils, and  clothing. Except 
fo r w ater pumped from  shallow bored wells, m ost of the  w ater 
analyzed in  W ebster County contained enough iron to  cause 
staining.
Iron  can generally be removed by aeration  and filtration al- 
though i t  sometimes has to  be removed by  other methods. The 
iron can often be held in solution o r stabilized by the addition of 
certa in  chemicals such as phosphates.
M anganese is frequently  associated w ith  iron  in w ater and 
m ay cause black s ta in s ; however, the  w ater in  W ebster County 
does not seem to contain enough m anganese to be troublesome.
Fluoride. A lthough fluoride is commonly only a  m inor con- 
s titu en t of ground w ater, i t  seems to  have a  w ell-substantiated 
effect in dental hygiene. Small am ounts of fluoride in  the  w ater 
supply seems to be beneficial to children 's teeth  du ring  the  period 
o f grow th in th a t  tooth decay is definitely decreased. M ottling 
of teeth, however, is likely to  become increasingly pronounced 
as the fluoride content increases above 1.5 p a rts  per million 
(W ieter, 1938). A dults' teeth  apparently  a re  unaffected by the 
continued use of w ater high in fluorides. As shown in figure 18, 
the  fluoride content of w ater from  aquifers below the  St. Louis 
(M ississippian) lim estone often is m ore th an  1.5 p a rts  p e r mil- 
lion, the upper acceptable lim it in  the  Public H ealth  Service 
D rinking  W ater S tandards. The fluoride content in w ater from  
Cam brian s tra ta  appears to  fall w ith in  the  acceptable lim its.
N itra te . N itra te  is often an  im portan t constituent in  w ater 
pum ped from  shallow bored wells in the  county. Deep wells
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Figure 18.—Fluoride content of samples of water from wells in Webster
County.
which yield water with a high-nitrate content may be suspected 
to receive shallow water at the surface through the mouth of 
the well or near-surface water through holes in the casing. High- 
nitrate content of well water also suggests that the supply may 
be bacterially contaminated. I. H. Borts (1949) states that of 
874 wells in Iowa yielding a water with a nitrate nitrogen con- 
tent of more than 20 parts per million (88 parts per million of 
nitrate), 87 percent were bacterially unsafe or unsatisfactory. 
Boiling water eliminates the bacteria, but the nitrate is not re- 
moved and may actually be increased by concentration resulting 
from evaporation of the water.
The nitrate content of well water has received considerable 
attention since the recognition by Comly (1945, p. 112-116) 
that nitrate water used in formulas in infant feeding is a cause 
of cyanosis in some infants. Cyanosis gives the baby a bluish 
color and may be accompanied by vomiting, excessive crying, 
and irritability. Prolonged ingestion of high-nitrate water by 
infants may be very dangerous. The Iowa Department of Health
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suggests th a t  a  n itra te  content of 10 p a rts  per million (as NO3) 
or more in w ater may cause cyanosis in  in fan ts  using th a t  w ater, 
and th a t  w ater containing n itra tes  in excess of 50 p a rts  per mil- 
lion definitely should no t be used in  the feeding of in fan ts.
Other constituents. Several aquifers seem to yield w ater con- 
ta in ing  a  noticeable am ount of hydrogen sulfide, which gives the 
w ater an  odor sim ilar to  th a t  of ro tten  eggs. The gas is easily 
elim inated by aeration. -
The chloride content of ground w ater utilized in  W ebster 
County is generally negligible except in  some of the  very  shallow 
wells, where i t  still is no t sufficient to  give a  salty  tas te  to the 
w ater. H igher concentrations probably occur in the  w ater-bear- 
ing  beds below the St. Lawrence form ation a t  g rea t depths.
Quality of Water in Relation to Water-Bearing Formation
W ater obtained from  wells finished in  sand and gravel of 
Pleistocene age, sandstones of Cretaceous, Perm ian, and Penn- 
sylvanian age, and lim estone and sandstone of the  St. Louis lime- 
stone is likely to  represen t a  p articu la r w ater-bearing  bed, w here- 
as w ater from  m ost wells finished in  rocks a t  a  g rea te r  depth 
th an  th a t  of the  St. Louis lim estone probably comes from  m ore 
th an  one w ater-bearing  form ation. Thus, a  comparison of w aters 
in the  deeper wells is necessarily more general. The general 
quality  of w ater encountered in  th e  various w ater-bearing  beds 
in  W ebster County is shown in figure 19.
W aters from  M ississippian, Ordovician, and  Cam brian rocks 
generally seem to be less highly m ineralized th an  w aters from  
other aquifers in  W ebster County. The m ost highly m ineralized 
w aters  a re  obtained from  aquifers n ear the  surface and in 
Devonian rocks. In  some areas in  Iowa, w ater from  below the 
deep-lying St. Lawrence form ation is highly m ineralized and 
contains a  large am ount o f sodium chloride.
Sanitary Considerations
The analyses given in  table 9 show only the  m ineral constitu- 
en ts  and do no t indicate the  san ita ry  condition of the  well w ater. 
C ertain  constituents such as n itra te  may, however, suggest pollu- 
tion.
Inasm uch as nearly  all domestic supplies in  W ebster County 
a re  developed from  wells, every precaution should be taken  in 
th e ir  construction to avoid contam ination. Bored and dug wells 
a re  m ost likely to be contam inated because they  utilize the  m ore
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Figure 19.—Graphic representation of analyses of water samples from 
wells finished in the different water-bearing beds in Webster County.
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easily contam inated near-surface w ater, and they  m ay perm it 
unsafe w ater to seep through  the  jo in ts  in  the  curbing. Drilled 
wells a re  usually much sa fe r in th a t  casing extends to  a  consid- 
erable depth and prevents near-surface w ater from  en tering  the  
well.
A  well, of any type, th a t  is located in an  undrained p it is com- 
monly polluted by the  en try  of surface w ater th rough  the  m outh. 
(See fig. 13.) The abnorm ally high w a te r levels m easured a t  
tim es in  well 86-30-5C1 are  caused by w a te r spilling in to  the 
well from  the  p it in  which the  well w as drilled. I f  a  well is to  be 
finished in  a  p it, i t  is desirable th a t  a  tile  d rain  be provided; 
even so,w ater levels m ay rise  h igh enough a t  tim es to m ake the  
tile  d rain  ineffective and to  le t w ater en te r the  well. A  w ater- 
t ig h t seal m ay be installed between the  casing and  the  pump, 
b u t even th is  m ay sometimes fa il to  keep out all the w ater.
I t  is desirable to  locate wells as f a r  as possible from  sources 
of contam ination such as barnyards, privies, etc. The practice of 
constructing well p its  to p ro tect pum ping equipm ent du ring  cold 
w eather adds to  the  convenience of operating  the  well, b u t fo r 
san ita ry  considerations i t  is m ore desirable to finish the  well 
above the  land surface.
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P RE-CAMBRIAN ROCKS
Character, distribution, and thickness. Pre-C am brian crys- 
talline rocks of igneous and m etam orphic orig in  and stratified 
rocks of sedim entary orig in  probably underlie W ebster County. 
The sedim entary rocks, which consist of soft, flaky, red, slightly 
dolomitic shale w ere only p a rtly  penetrated  in the subsurface 
by F o rt Dodge city  well 15, hence only m eager lithologic details 
a re  known. Correlated subsurface inform ation obtained from  
deep borings throughout the  S ta te  of Iowa suggests th a t  the 17 
fee t of red shale encountered in  F o r t Dodge city well 15 m ay be 
p a r t  of a  th icker section of undifferentiated beds of shale and 
sandstone lying east of W ebster County. However, an  additional 
possibility is  th a t  the  red  shale is  a  residual deposit upon sub- 
jacen t crystalline rocks.
In  Iowa, red  shale and sandstone th a t  underlie known s tra ta  
of L ate  Cam brian age commonly have been assigned to  pre-Cam - 
b rian  system s (Trow bridge and  A tw ater, 1934, p. 29).
Thicknesses of pre-C am brian sedim entary rocks in W ebster 
County a re  no t known definitely, b u t subsurface d a ta  from  deeper 
borings in  ad jacen t counties suggest th a t  these sedim ents a re  
only a  few  tens of fee t thick. Owing, therefore, to  th is  probably 
lim ited thickness and the  fine-grained tex tu re  of th e  rocks, these 
s tra ta  would yield very  little  ground w ater in  W ebster County.
CAMBRIAN SYSTEM 
S t. Croixan Series  
Dresbach Formation
Character, d istribution, and thickness. The Dresbach form a- 
tion, the oldest Cam brian form ation recognized in Iowa, is repre- 
sented in the subsurface in W ebster County by s tra ta  tentatively  
assigned to  the  E au  Claire and underlying Mt. Simon sandstone 
m em bers. The upperm ost member, the Galesville sandstone, has 
no t been recognized in W ebster County. The Mt. Simon member, 
as indicated by samples from  city well 15 in F o r t Dodge, consists 
of poorly sorted, clear to orange, angu lar to rounded frosted  
quartz  sand having some argillaceous grayish-green calcareous 
siltstone beds from  a  depth of 2,225 to  2,290 feet. The E au  Claire
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m em ber is composed o f glauconitic and silty, fine-grained lime- 
stone w ith  m inor am ounts of shale.
The Mt. Simon and  E au  Claire m em bers a re  probably p resen t 
th roughout W ebster County except in  the  M anson area. The Mt. 
Simon m em ber a t  F o r t Dodge is about 65 fee t thick and the Eau 
Claire about 95 fee t thick. The Dresbach form ation probably 
th in s to  the  no rth  and west. The Mt. Simon m em ber thickens 
progressively eastw ard, w here the  Galesville is present.
A ge and correlation. The D resbach form ation  (Winchell, 
1886, p. 334-337) as restric ted  by Trow bridge and A tw ater 
(1934, p. 38-45, 79) includes all beds between the base of the 
Mt. Simon sandstone and the  base of the Ironton  sandstone 
m em ber of the  F ranconia sandstone. The Dresbach sandstone 
as restric ted  by W alcott (1914, p. 354, from  U lrich’s ms.) is 
nam ed th e  Galesville sandstone by Trow bridge and A tw ater 
(1934, p. 45, 79) and is reduced to  m em ber s ta tus in  the  D res- 
bach form ation along w ith the E au  Claire and Mt. Simon sand- 
stones. This usage is adopted by Twenhofel, Raasch, and 
Thw aites (1935, p. 1691).
The form ation crops out in  M innesota and W isconsin and a  
p a r t  of i t  in the extrem e northeastern  p a r t  of Iowa. I t  has been 
traced  from  th is a rea  w estw ard in  the subsurface into W ebster 
County, w here i t  rests  on shale and probably on crystalline rocks 
of supposed pre-C am brian age. I t  is overlain by the  F ranconia 
sandstone.
W ater supply. A t F o r t Dodge, the  Mt. Simon sandstone prob- 
ably yields a  small am ount of w ater to city well 15. D uring  the  
d rilling  of the  Dresbach form ation the sligh t increase in  the  ra te  
of flow of the well was accompanied by an  increased chloride 
content. I t  is in ferred  th a t  small quantities of w ater can be ob- 
tained from  the  M t. Simon m em ber in  th is  a rea  and th a t the 
w a te r is likely to  be highly m ineralized. No appreciable quantity  
of w ater is thought to  occur in the  Eau Claire m em ber in the  
county.
Franconia Sandstone
Character, distribution, and thickness. S tra ta  assigned to the 
F ranconia sandstone w ere penetrated  in city well 15 a t  F o r t 
Dodge between depths of 1,870 and 2,130 feet. The upper 105 
fee t of beds a re  composed of g ray  very  glauconitic dolomitic silt- 
stone and a re  underlain by 155 fee t o f highly glauconitic very 
finely crystalline g ray  and buff lim estone w ith  light- and dark-
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green glauconitic shales. N ear the  base the  form ation is com- 
posed mostly of glauconite.
The F ranconia sandstone is probably p resen t th roughout Web- 
s te r  County except in  th e  M anson area. A t F o r t Dodge the  fo r- 
m ation is 260 fee t thick, and like the underlying Dresbach, it 
probably th ins to the  no rth  and west.
A ge and correlation. The F ranconia  sandstone is deeply 
buried over m ost of Iowa b u t crops ou t in  the  extrem e north - 
eastern  p a r t  of the sta te . The form ation includes beds between 
the  top of the Dresbach and the base of the St. Law rence form a- 
tion, all of Late Cam brian age. In  the outcrops in Iowa, M inne- 
sota, and W isconsin, the  beds a re  heavily glauconitic, a  charac- 
teristic  th a t  persists  w estw ard. In  W ebster County th e  base of 
the form ation is considered to  be a t  the base of the  highly glau- 
conitic beds overlying the  less glauconitic beds of the Dresbach. 
The top of the form ation is considered to be a t  the upper lim it 
of glauconitic siltstone, beneath the  slightly glauconitic dolomite 
of the St. Lawrence form ation.
W ater supply. V ery little w ater is reported to have been en- 
countered in the F ranconia sandstone in F o rt Dodge city well 
15. The composition o f th e  beds is such th a t  no appreciable 
am ount of w ater is expected to  be transm itted  by them . F a rth e r  
east the  F ranconia contains m ore sand, bu t it  usually is fine 
grained and yields only small quantities of w ater to wells.
St. Lawrence Formation
Character, distribution, and thickness. The St. Lawrence 
form ation has been penetrated  by two wells in the  county, nam e- 
ly, F o r t Dodge city well 15 (89-28-19L12) and the Certain-teed 
Products Corp. well (88-28-5D2), southeast of F o r t Dodge. A t 
both wells the  form ation consists chiefly of silty, fine-grained 
cream  to  g ray  dolomite. A t well 88-28-5D2, a 20-foot bed of 
m edium- to  coarse-grained frosted  sand occurs n ear the  middle of 
the form ation, and the  lower beds a re  slightly glauconitic.
The St. Lawrence form ation is probably p resent th roughout 
W ebster County except in the  M anson area. A t F o r t Dodge i t  is 
between 80 and 95 fee t thick, a t  Rockwell City, 12 miles w est of 
W ebster County, i t  is 65 fee t thick, and 13 miles south of the 
county it  is 80 feet thick.
A ge and correlation. The Cam brian St. Lawrence form ation, 
like o ther Cam brian and Ordovician s tra ta  in Iowa, crops out 
only in  th e  northeastern  p a rt of the S tate. I t  has been traced  in
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th e  subsurface from  northeastern  Iow a to  W ebster County and 
beyond. The form ation is overlain by the Jo rdan  and underlain 
by the  F rancon ia  sandstones. The various m em bers of the  form a- 
tion  w ere n o t d ifferentiated in the  subsurface in  W ebster County.
W ater supply. Locally in the  central and eastern  p a rts  of 
the  S tate, large supplies of w ater a re  obtained from  the  dolomite 
w here i t  contains large crevices. In  the  v icinity  o f F o r t  Dodge 
and a t  the  c ity  well drilled in  1951 a t  Jefferson, Greene County, 
the  dolomite beds seem to be too dense to  yield much w ater. The 
Jefferson city  well apparen tly  obtained about 10 gallons a 
m inute w ith  a  draw dow n of over 300 fee t from  the  F ranconia 
sandstone and St. Law rence form ation. The quality of th e  w ater 
in the  St. Law rence is in fe rred  to  be sim ilar to th a t  in  th e  over- 
lying Jo rdan  sandstone as th ere  appears to  be no restric tion  to  
the movement of w a te r between the  two form ations.
Jordan Sandstone
Character, distribution, and th ickness . The Jo rdan  sandstone 
in W ebster County is shown by well cuttings to be composed 
p rim arily  of a  w hite to  ligh t-gray  rounded frosted  quartz  sand. 
M ost of the  form ation is tigh tly  cemented by dolomite, b u t some 
loosely cemented beds occur.
The Jordan  sandstone occurs th roughout th e  county w ith the 
probable exception of the  northw estern  p a rt, ad jacen t to  the 
M anson area. I t  is betw een 55 and 60 fee t th ick  a t  F o r t Dodge 
and probably exceeds 40 feet th roughout the  county. The p resent 
general configuration and altitude of the top  o f the Jo rdan  sand- 
stone in W ebster County is show n by figure 20.
A ge and correlation. The U pper Cam brian Jo rdan  sandstone 
has been traced  by m eans of well cuttings from  its  outcrop area  
in eastern  Iow a to  o ther p a rts  of the S tate. In  W ebster County 
i t  includes the  sandstones and very  sandy dolomite beds lying 
below th e  Oneota m em ber of th e  P ra ir ie  du Chien form ation and 
above th e  dolomite of the  St. Law rence form ation. As such, i t  
includes th e  Madison sandstone, which Trow bridge and A tw ater 
(1934, p. 21-79) s ta te  is equivalent to the Jo rdan  sandstone.
W ater supply. The Jo rdan  sandstone, supplem ented by p a rts  
of the St. Law rence form ation and the  overlying Oneota mem- 
ber of the  P ra ir ie  du Chien form ation, composes th e  m ost ex- 
tensive and consistently prolific aquifers in  the  S tate. The w ater 
is h a rd  (table 9) b u t otherw ise acceptable fo r  m ost purposes. 
Equal or la rge r yields, however, a re  obtained in m ore lim ited
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areas from sands and gravels in the larger river valleys of the 
State, from the Dresbach in eastern Iowa, and locally from the 
aquifers in younger rocks.
Four wells have been drilled through the Jordan sandstone 
in Webster County. Fort Dodge city well 1 (89-28-19P1) de- 
veloped a reported flow of 571 gallons a minute when it reached
Figure 20.—Map of Webster County showing the general configuration 
and altitude with reference to mean sea level, of the top of the Jordan
sandstone.
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the Jo rd an  sandstone. Of th is flow, about 200 gallons a  m inute 
was possibly obtained from  the  Oneota dolomite and Jordan  
sandstone. The head on the aquifers w as apparen tly  not 
m easured a t  the  tim e of completion of th is  well in 1907, and it 
has since been abandoned. (D etails of th is and o ther city  wells 
a re  recorded under the  heading of F o r t Dodge w ater supply.) 
The yield from  the W ahkonsa Hotel well, drilled in  1923 to the 
Jo rdan  sandstone and subsequently abandoned, is not known. 
The C ertain-teed P roducts Corp. well (88-28-5D2) was completed 
in 1950 a t  a  depth of 2,060 feet in the  F ranconia  sandstone. Most 
o f the  w ater is believed to  en ter the well from  the Oneota dolo- 
m ite m em ber and the  Jo rdan  sandstone between 1,690 and 1,910 
feet. The in itia l nonpum ping w ater level is reported  to  have 
been 117 fee t below land surface (altitude approxim ately 998 
fee t) , and the  draw down is reported  as 40 fee t when pumped 
a t  620 gallons a  m inute fo r m ore than  24 hours. The tem pera- 
tu re  of the w ater is 57° F.
F o r t Dodge city well 15 (89-28-19L12) is apparently  finished 
in  pre-C am brian rocks b u t obtains m ost of its  w ater from  the 
Jo rdan  sandstone and probably some from  the Oneota dolomite 
and overlying aquifers. The well is reported to  have flowed a t 
350 gallons a  m inute on completion in 1949, the m outh of the 
well being about 980 feet above sea level. On October 4, 1951, 
the w ater level was a t  an altitude of 982.2 feet a f te r  the  well 
had been idle fo r a  few  days, and the  draw down w as 70 feet 
a f te r  8.5 hours of pum ping a t  about 2,900 gallons a  m inute. The 
coefficient of transm issib ility  of the  aquifers open to the  well, 
calculated from  b rie f pum ping tests  m ade in  the  F o r t Dodge 
city well field, is between 80,000 and 110,000 gallons a  day per 
foot. The tem peratu re  of the  w ater was 59° F . in Ja n u ary  1949.
ORDOVICIAN SYSTEM
Beekm antow nian Series
Prairie du Chien Formation
Character, distribution, and thickness. The th ree  m em bers of 
the  P ra ir ie  du Chien form ation, the  Oneota dolomite, Root Valley 
sandstone, and Shakopee dolomite, a re  recognizable, in p a rt, from  
well cu ttings in  and n ear F o r t  Dodge. The upper m em ber of the  
Shakopee dolomite, is composed of sandy, finely crystalline, 
brown, cream , and g ray  dolomite. The middle mem ber, the  Root 
Valley, is predom inantly a w hite medium- to  coarse-grained
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frosted  sand w ith dolomite cement and sandy, finely crystalline 
dolomite. The upper boundary of the Root Valley sandstone mem- 
ber is no t clearly defined in  W ebster County. The lower mem ber, 
the  Oneota dolomite, is represented by cherty  and sandy, finely 
crystalline buff-gray dolomite.
The P ra ir ie  du Chien form ation  probably is p resen t throughout 
the en tire  county w ith  the  exception of the  northw estern  p a r t  
ad jacen t to  the  M anson area.
The form ation is about 270 fee t thick in  the  vicinity of F o r t  
Dodge, th inn ing  in a  northw est direction from  about 450 feet in 
central S tory County to  about 210 fee t a t  Rockwell City in Cal- 
houn County, a  distance o f about 65 miles. The Oneota dolomite 
m em ber in  F o r t  Dodge ranges in thickness between 145 and 
170 feet.
Age and correlation. The P ra ir ie  du Chien form ation res ts  
on the Jo rdan  sandstone and is overlain by the St. P e te r sand- 
stone in W ebster County. I t  is equivalent to the P ra ir ie  du Chien 
group of Bain (1906, p. 18). The Shakopee dolomite member 
was named by W inchell (1874, p. 138-147) and includes beds be- 
tween the St. P e ter sandstone and underlying New Richmond or 
Root Valley sandstone. These beds w ere nam ed the  Willow R iver 
dolomite by W ooster (1882, p. 106), which nam e was la ter 
adopted by Trow bridge and A tw ater (1934, p. 65-73) and 
Pow ers (1935, p. 1 7 1 ); however, the  earlier name, Shakopee 
member, is used in  th is  report.
The nam e Root Valley was used by S tauffer and Theil (1941, 
p. 59-62) fo r a  sandstone between the  Oneota and Shakopee 
dolomite members. I t  is well exposed in the valley o f Root R iver 
in southeastern  M innesota. The nam e New Richmond was ap- 
plied by W ooster (1882, p. 106) to  sandstone thought to  lie be- 
tween the Shakopee and Oneota dolomite along the Willow 
R iver a t  New Richmond, bu t Sardeson (1934, p. 29-34) found 
im portan t p a rts  of Shakopee fau n a  in the interbedded dolomites 
of the sandstone a t  th is location. I t  therefo re  seems desirable 
to follow the proposal of Stauffer and Theil and adopt the  name 
Root Valley fo r the sandstone between the  Shakopee and Oneota 
dolomite m em bers in  Iowa.
The Oneota dolomite member w as named by McGee (1891, 
p. 331, 332) fo r dolomite between the Root Valley sandstone 
and the underlying Jo rdan  sandstone. I t  is considered to be th e  
basal m em ber of the  P ra ir ie  du Chien form ation, which is of 
E arly  Ordovician age (Trow bridge and A tw ater, 1934, p. 7 8 ,7 9 ).
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W ater supply. A quifers in  the  P ra ir ie  du Chien form ation 
generally yield large supplies of w ater to  wells in m ost of the  
S tate. In  the  vicinity of F o r t Dodge, the  w ater in  the  aquifers 
above the  Oneota dolomite m em ber seems to be m ore closely 
related  to  the  w a te r in  the  S t. P e te r  sandstone; th a t  in  the  
Oneota seem s to  be m ore closely related  to  the  w ater in th e  Jo r- 
dan sandstone. In  the  d rilling  of the  well fo r  C ertain-teed P rod- 
ucts Corp. (88-28-5D2), the  w ater level is reported  to  have low- 
ered from  a  depth of 69 fee t to  117 fee t when the  upper p a r t  of 
the  Oneota dolomite had been penetrated . There is no record o f a  
production te s t m ade p rio r to  the  tim e the w ater level lowered 
in  th is well. An older well (88-28-5D1) drilled fo r th e  same 
p lan t in 1925 (then  B eaver P roducts Co.), was finished in the 
Root Valley sandstone a t  a depth of 1,669 feet. Some w ate r was 
reported  to  have been encountered in  the  Shakopee and Root 
Valley sandstone m em bers, bu t the  principal supply w as pre- 
sum ably from  the  overlying St. P e te r sandstone. The w ater level 
reportedly stood 62 fee t below th e  curb in 1925.
Chazyan Series  
St. Peter Sandstone
C haracter, distribution, and thickness. The St. P e te r sand- 
stone in  W ebster County is shown by well cu ttings to  be p re- 
dom inantly a  medium grained  w hite frosted  quartz  sand. I t  
d iffers little  in  general appearance from  the  sands o f the P ra irie  
du Chien form ation  or Jo rdan  sandstone. Heavy-m ineral studies, 
however, m ay indicate considerable difference (S tauffer and 
Thiel, 1941, p . 75 ). In  southeastern  M innesota th e  St. P e te r 
sandstone contained only a trace  of g a rn e t and appreciable 
zircon, w hereas the  Root Valley sandstone m em ber o f the  
P ra ir ie  du Chien form ation and Jo rdan  sandstone had a  high 
percentage of g a rn e t and relatively little  zircon.
The St. P e te r sandstone probably is p resen t over W ebster 
County except near the  M anson a rea  of Calhoun County. In  
W ebster County the  form ation seem s to  range between 55 and 
65 fee t in  thickness, th e  p resen t configuration and altitude of 
the  top of the  form ation being shown on figure 21.
Age and  correlation. In  W ebster County, the  S t. P e te r  sand- 
stone is underlain by the  Shakopee dolomite m em ber o f the 
P ra ir ie  du Chien form ation and is overlain by the Glenwood 
shale member o f the P latteville limestone. The sandstone crops 
out in no rtheastern  Iowa. The form ation was named fo r  sand-
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F ig u re  21.—Map of W ebster County showing the general configuration 
and altitude, with reference to the mean sea level, of the top of the
St. Peter sandstone.
stone above Shakopee dolomite and below Glenwood shale along 
the M innesota R iver (form erly St. P e te r 's  R iver) by Owen 
(1847, p. 169-170). I t  is regarded as Lower Ordovician by Ed- 
son (1935, p. 1110).
W ater Supply. The St. P e te r sandstone generally yields a 
m oderate am ount o f w ater to  wells, and in  W ebster County a  
few  wells have been finished in  i t  o r  obtain a  p a r t  of th e ir  sup-
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ply from  it. Gowrie tow n well 2 (86-30-1P2) was finished in  
1926 a t  a  depth of 1,842 fee t in the Shakopee dolomite a  sho rt 
distance below the St. P e ter sandstone. The principal supply 
w as reported  to  have been encountered in  the  St. P e te r sandstone 
and  the  Shakopee dolomite. The s ta tic  w ater level was reported 
to  be 81 fee t below land surface and the pum ping level less than  
150 fee t a t  a  pum ping ra te  of 300 gallons a  m inute.
The now-abandoned well (88-28-5D1) of the  Certain-teed 
Products Corp., drilled to  a  depth of 1,669 fee t in  1925, w as fin- 
ished in the  Root Valley sandstone. The m ain supply is reported 
to  have been developed from  the St. P e te r sandstone. The w ater 
level stood 62 fee t below land su rface a t  the  tim e of completion 
and the yield is reported  to  have been 275 gallons a  m inute w ith  
a  pum ping level of less th an  182 feet. The tem pera tu re  of the 
w ater was 56° F .
F o rt Dodge City well 8 (89-28-19L4) w as finished in 1923 a t  a 
depth of 1,436 feet in the  St. P e te r  sandstone. M ost o f the  w ater 
in  the  well, which is reported  to  have had an  in itial flow of 750 
gallons a  m inute, was encountered above the  sandstone. W ithin 
a  few  years the  well had filled in to  above the  St. P e te r sandstone, 
and little  w ater probably comes from  below 600 fee t a t  present. 
C ity well 15 (88-28-19L12), 2,307 fee t deep, had a  reported  yield 
of about 90 gallons a  m inute a t  1,500 feet, about 40 fee t below the 
St. P e te r sandstone, the  aquifers above 1,084 fee t having been 
cased out.
The tow n of Boxholm, situated  about 3 miles south of the 
W ebster County line, drilled a  well in 1949 to  the  St. P e te r sand- 
stone. The 1,955-foot well is located in NW ¼ SW ¼ N W ¼  sec. 
15, T. 85 N., R. 28 W., and had a reported  w ater level of 146 feet 
below land surface, or a t  an a ltitude of approxim ately 1,006 feet. 
The yield was reported  as 50 gallons a  m inute, the pum ping level 
being 367 feet.
W ater from  the St. P e te r sandstone well a t  Gowrie is hard  
and  has a  fluoride content of 2.0 p a rts  p e r million. T h a t from  
the  Boxholm well had a  hardness of 888 p a rts  per million, calcu- 
lated as equivalent calcium carbonate, an  iron content of 1.7 
p a rts  pe r million, and a  fluoride content of 2.4 p a rts  pe r million 
in  A ugust 1949.
M ohawkian Series 
Platteville Limestone and Decorah Shale
Character, distribution, and thickness. Lim estone and shale 
com prise the P latteville and Decorah form ations in  W ebster
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County as in  the  outcrop a rea  in northeastern  Iowa. The basal 
m em ber of the P latteville limestone, the  Glenwood shale, is com- 
posed of slabby, so ft to hard , green and some brow n shale, which 
frequently  caves during  drilling. Casing is often required to 
reach the  St. P e te r sandstone. The light-buff to  light-brown 
sublithographic lim estone overlying the  Glenwood m ay be the  
M cGregor limestone m em ber of the P latteville  limestone. R est- 
ing  on the  lim estone is a  green shale, which contains black 
fossil fragm en ts and probably represents the  Spechts F e rry  
shale m em ber of the  P latteville limestone. Over the  Spechts 
F e rry  shale m em ber is a g ray  to brow n limestone w ith  some 
dolomite, which is probably th e  G uttenberg limestone m em ber of 
the  Decorah shale. The Ion dolomite member, res tin g  on the 
G uttenberg  member, is composed of calcareous g ray  shale and 
g ray  limestone, m ottled black.
The Platteville  limestone and Decorah shale probably extend 
throughout the  county w ith  the  exception o f the  a re a  bordering  
H anson, Calhoun County. The tw o form ations a re  about 125 feet 
th ick  in  the  vicinity of F o r t Dodge and probably do no t vary  in 
thickness appreciably over the  county.
The Glenwood shale m em ber is about 35 fee t thick, the  
M cGregor lim estone m em ber between 5 and 15 feet, th e  Spechts 
F e rry  shale m em ber about 15 feet, and the  G uttenberg-Ion mem- 
bers between 60 and 70 feet.
A ge and correlation. The Platteville  lim estone and  Decorah 
shale include all beds between the  top of the  St. P e te r sandstone 
and the base of the  Galena dolomite. The lower contact is clearly 
defined by the  St. P e te r sandstone, and the  upper contact lies 
a t  the top  of the  Ion dolomite m em ber and below the cherty buff 
to  brow n dolomite of the  Galena dolomite in  W ebster County. 
The form ations a re  considered by Kay (1935, p. 286, 287) to  
be Middle Ordovician.
W ater supply. T he  shales and argillaceous limestones of 
these form ations probably tra n sm it very little  w a te r and act 
as b a rrie rs  to  th e  vertical movement o f w ater between the  
Galena dolomite and St. P e te r sandstone. No wells in  th e  county 
a re  known to obtain w ater from  these form ations, and because 
of the  caving n a tu re  of the shales, these s tra ta  have been cased 
off.
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Galena Dolomite
Character, d istribution, and thickness. The Galena dolomite 
is composed m ostly of buff to  brow n dolomite containing some 
w hite opaque chert in  the  low er p a rt. The top of th e  form ation 
is often m arked by orange specks refe rred  to  as “cinnamon 
specks.” The Galena dolomite is probably p resen t th roughout 
th e  county w ith the exception o f the  northw estern  p a rt. I t  is 
generally about 125 fee t thick, b u t in  th e  F o r t  Dodge a rea  m ay 
reach 200 fee t locally.
In  W ebster County the  Galena dolomite rests  on the  limestone 
of the Ion dolomite m em ber of the Decorah form ation  and is 
overlain by cherty and argillaceous dolomite of the M aquoketa 
shale. The Galena dolomite includes th ree  m em bers in  i ts  a rea  
of outcrop in  no rtheastern  Iowa, which a re  in  ascending order 
the P rosser cherty  mem ber, S tew artville m assive mem ber, and 
Dubuque shaly mem ber. In  subsurface studies, the  firs t heavy 
chert appearing  in the  dolomite is taken  as the top of th e  P rosser 
member. In  W ebster County, the  Dubuque m em ber w as not 
distinguished from  the  Stew artville mem ber. The form ation is 
considered by Bays and Raasch (1935, p. 299) to  m ark  the  term i- 
nation o f th e  M ohawkian in  W isconsin.
W ater supply. The Galena dolomite does not ord inarily  yield 
even m oderate supplies of w ater to  wells. In  W ebster County the 
Cargill, Inc., well (89-28-19P5) finishes in  the  Galena dolomite 
bu t probably obtains m ost of its  w ater from  overlying s tra ta  
rang ing  in  age from  Devonian to  M ississippian. In  A ugust 1950 
the  well flowed a  few  gallons a  m inute and had a  reported  yield 
of 305 gallons a  m inute a t  a  pum ping level of 210 feet. The 
D akota City tow n well, 6 miles n o rth  o f the  W ebster County 
line, probably finishes in  th e  Galena dolomite a t  its  reported 
depth of 1,025 feet. On its  completion in  M ay 1948, th e  w ater 
level w as reported  to  be 72 fee t below land surface and  the 
draw dow n 5 fee t a t  200 gallons a  m inute. The w ater has a 
hardness o f  530 p a rts  p e r million and a tem pera tu re  of 53° F.
Cincinnatian Series  
Maquoketa Shale
C haracter, d istribution, and thickness. Well cu ttings show 
th a t  th e  M aquoketa in  W ebster County is a  cherty  argillaceous 
cream  and brown dolomite contain ing some th in  shale beds. The 
M aquoketa is probably p resen t th roughout the en tire  county 
w ith  th e  exception of th e  northw estern  part. W ithin the county
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the form ation varies considerably in  thickness. N ear F o r t Dodge 
i t  is between 65 and 100 fee t; 3 miles south o f the county line i t  
is about 185 fee t th ic k ; and to the  w est in  Calhoun County and 
no rth  in  Hum boldt County i t  is about 50 feet thick.
A ge and correlation. The M aquoketa rests  on the  Galena dolo- 
m ite and is overlain by the  Kenwood shale m em ber of the  
W apsipinicon limestone of Devonian age in  W ebster County. In  
the  a rea  of outcrop in  no rtheastern  Iowa i t  is overlain by Silurian  
rocks. W hite (1870, p. 180, 181) named th e  form ation from  
the exposures of shale and limestone between the  Galena and 
N iagara  dolomites along the  L ittle  M aquoketa R iver, and he 
agreed w ith  Meek and W orthen (1865, p. 155) th a t  these s tra ta  
were a w estw ard extension of the  C incinnatian series of L ate 
Ordovician age. Calvin (1905, p. 97, 98) subdivides the Ma- 
quoketa form ation in to  four m em bers in  ascending order as 
follow s: the  E lgin  shaly limestone, Clerm ont shale, F o r t  A tkin- 
son limestone, and B rainard  sh a le ; th is  term inology w as adopted 
la te r by Ladd (1929). In  W ebster County the tw o predom inantly 
shale m em bers a re  absent, leaving the F o r t  A tkinson limestone 
and Elgin shaly lim estone m em bers to represen t th e  Maquoketa.
W ater supply. No wells in W ebster County a re  known to 
be finished in  th e  M aquoketa; however, the few  wells penetrating  
it  m ay obtain  a  small p a rt  o f th e ir  supply from  it. A cream ery 
well a t  Humboldt, no rth  of W ebster County, finishes a t  a  depth of 
870 feet in dolomites of the M aquoketa and m ay develop its  
principal supply from  them. The well flowed and yielded about 
170 gallons a  m inute a t  a  pum ping level of 68 fee t below land 
surface in October 1944. The tem pera tu re  of the w ater w as 
54° F . and the  hardness 345 p a rts  per million, calculated as 
equivalent calcium carbonate. The iron and fluoride content 
were not excessive.
DEVONIAN SYSTEM  
M iddle Devonian Series  
Wapsipinicon Limestone
Character, d istribution, and  thickness. The W apsipinicon 
limestone is represented in the  subsurface in W ebster County 
largely by buff to brown dolomite, which is argillaceous in  places. 
A t F o r t Dodge the basal p a r t  of the form ation is composed of 
calcareous shale containing frosted  quartz  sand and dark-gray  to  
black chert sand. In  the  southeastern  p a r t  of the county the
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form ation probably contains thick beds of gypsum, as the  Box- 
holm town well, about 3 miles south of the  W ebster County line, 
encountered approxim ately 55 fee t of gypsum, composing the 
bulk o f the  form ation a t  th a t  place.
The W apsipinicon limestone is probably p resen t th roughout 
W ebster County w ith  th e  exception of the northw estern  p art. 
I t  ranges in thickness from  115 to  125 feet in the  vicinity of 
F o r t  Dodge and is believed to  th in  to  about 100 fee t in  the 
northern  p a r t  and to about 80 fee t in  th e  southern  p a r t o f the  
county.
A ge and correlation. The nam e W apsipinicon limestone was 
used by N orton (1895, p. 127) fo r beds of Devonian age under- 
lying the Cedar Valley limestone. The form ation crops out along 
p a rts  of the  Cedar and W apsipinicon rivers in eastern  Iowa. 
Stainbrook (1935, p. 248-252) divides the  form ation  in  ascend- 
ing  o rder into the  Coggon, Otis, Kenwood, Spring  Grove, and 
D avenport members. In  the subsurface in  W ebster County, the 
Kenwood shale m em ber seems to  be the sole representative of 
the  W apsipinicon limestone. I t  res ts  on the  M aquoketa shale and 
is overlain by the Cedar Valley limestone. The W apsipinicon 
lim estone is believed to  be of Middle Devonian age (Cooper, 
1942, p. 1788).
W ater supply. Two town wells in  W ebster County probably 
obtain  a  large p a r t of th e ir  supply from  aquifers in  the  W apsi- 
pinicon limestone. The deepest tow n well a t  Lehigh (87-28-12J2 ) 
was finished in A pril 1937 in the  W apsipinicon lim estone a t  a 
depth of 1,005 feet and obtained a  flow of 100 gallons a  m inute. 
Of th is flow, approxim ately 25 gallons a  m inute w as developed 
from  the  W apsipinicon limestone, about 60 gallons a  m inute 
from  U pper Devonian rocks and about 15 gallons a m inute 
from  M ississippian rocks.
The deeper town well a t  D ayton (86-28-14H1), drilled in 1931 
to  a depth of 1,240 feet, probably obtains a  p a rt  of its  supply 
from  the W apsipinicon limestone. The well yielded about 130 
gallons a  m inute in  November 1942, the  draw dow n being a p - 
proxim ately 76 fee t a f te r  pum ping 1.3 hours. The w aters  pumped 
from  the  deeper wells in Lehigh and Dayton a re  very h a rd  and 
have a h igh fluoride content. F urtherm ore, the  w ater from  the 
D ayton town well has an  objectionable iron  content.
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Upper D evonian Series
Cedar Valley Limestone, Shell Rock Limestone, 
and Lime Creek Shale
Character, distribution, and th ickness. Well cuttings show 
th a t  th e  Cedar Valley lim estone in W ebster County is pre- 
dom inantly a  cream-colored dolomite. Overlying the dolomite 
a re  lim estone and shale beds which probably belong to  the  Lime 
Creek and Shell Rock form ations, respectively. Beneath the typ i- 
cal Cedar Valley limestone is a fine-grained to sublithographic 
brown lim estone and dolomite, locally containing black fossil 
fragm ents and interbedded g ray  shale. This lower shale and 
limestone sequence is thought to  rep resen t the Solon limestone, 
the lowest m em ber of the  Cedar Valley limestone. In  the  south- 
eastern  p a r t of the county the  Cedar Valley limestone probably 
contains gypsum beds as i t  does a t Boxholm, south of W ebster 
County.
These th ree  form ations, which m easured about 600 fee t a t 
Boxholm, are  probably present over all of W ebster County except 
the no rtheastern  p a rt. A t the  Lehigh tow n well (87-28-14H2) 
they a re  about 375 fee t th ick  and a t  F o r t Dodge approxim ately 
390 feet, typical thicknesses except fo r  the  southeastern  p a r t  of 
the county. The Lime Creek shale ranges from  50 to  100 fee t in 
thickness, as does the Shell Rock; the Solon limestone member 
of the Cedar Valley limestone is commonly about 50 feet thick.
A ge and correlation. The Lime Creek shale and Shell Rock 
limestone crop out in  north-central Iowa. The Lime Creek 
shale is the name used by W illiams (1883, p. 97-104) fo r fos- 
siliferous beds along Lime Creek in  north-central Iowa. S tain- 
brook (1935, p. 256, 257) includes the Jun iper Hill shale, Cerro 
Gordo, and Owen beds as m em bers in the Lime Creek shale. He 
sta tes th a t  the Lime Creek shale lies unconform ably on the  Shell 
Rock limestone and beneath th e  Sheffield form ation. The Lime 
Creek shale is probably p resen t in  the  subsurface in W ebster 
County, b u t modified in  lithology from  the  type section. I t  was 
not separated  from  underlying form ations in the present work. 
Additional subsurface study  will aid in trac in g  the form ation 
from  its outcrop area, bu t in  th is  report i t  is grouped w ith o ther 
U pper Devonian s tra ta .
The name Shell Rock limestone was used by Thomas (1920, 
p. 411, 412) and fu rth e r  defined by Belanski (1927) fo r s tra ta  
between the  Lime Creek shale and the Cedar Valley limestone. 
This form ation  probably is p resen t in  the  subsurface in W ebster
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County b u t w as not definitely separable from  the Lime Creek 
shale and Cedar Valley limestone.
The Cedar Valley limestone crops out in  a  broad s tr ip  along 
e ither side of the  Cedar R iver in no rtheaste rn  Iowa. The name 
w as applied by McGee (1891, p. 314) to  s tra ta  betw een the 
Independence shale m em ber and overlying H ackberry  shale. I t  
has since been restric ted  by Belanski (1928) to  include beds be- 
tween the Independence shale m em ber and the  base of the 
Shell Rock limestone. The m em bers of the Cedar Valley limestone 
as redefined by Stainbrook (1941) a re  in  ascending o rder the 
Solon (form erly Linw ood), the R apid (form erly  L ittle ton ), and 
the Coralville. The Solon m em ber persists  as an  identifiable un it 
into W ebster County, bu t positive identification of the  o ther 
two was not made. The Lime Creek shale and Shell Rock lime- 
stone a re  U pper Devonian, b u t the  Cedar Valley lim estone is 
considered by some to  be of Middle Devonian age (Cooper, 1942, 
p. 1750, 1751).
W ater supply. The lim estones and dolomites of th e  Lime 
Creek, Shell Rock, and Cedar Valley form ations yield w a te r to  
several wells in  the county. V ery large yields have been obtained 
from  wells in  these aqu ifers in  the  F o r t  Dodge city  well field, b u t 
the  exceptionally large yields m ay resu lt from  the development 
of large frac tu res  and cavities produced by fau lting . Outside 
th is small area, the  yields obtained from  the aqu ifers a re  small 
to  m oderate.
The Duncombe tow n well (88-27-3D1) was finished in  the 
Cedar Valley lim estone a t  a depth of 974 feet in  1945. A  p a r t of 
the supply is developed from  Devonian rocks, b u t m ost of the  
w ater comes from  the  M ississippian rocks. The in itia l w ater 
level was 49.2 fee t below land surface, th e  yield 37 gallons a 
m inute w ith a  draw dow n of 48 feet, and the  tem pera tu re  50° F .
The H arcourt town well (86-29-13C1) produces 35 gallons a 
m inute w ith a  reported  draw dow n o f  51 feet, principally  from  
aquifers in  the Cedar Valley limestone. The tem pera tu re  o f the  
w ater is 57° F.
Two farm  wells a re  known to have obtained a  supply of w ater 
from  limestone in  the Lime Creek, Shell Rock, and upper p a r t  of 
the Cedar Valley. Well 89-27-7A1 is finished in  the  Cedar Valley 
limestone a t  a  depth of 873 feet. The sta tic  w ater level w as 78 
feet below land surface and the yield 3 gallons a  m inute w ith  a  
draw down of less than  12 feet. A nother fa rm  well (89-30-11R1) 
finished in  the  limestone of the Lime Creek shale a t  a depth of
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671 feet obtained a  supply of 6 gallons a  m inute w ith a reported 
draw down of 124 feet.
The w ater from  these s tra ta  is hard , and in the  H arcou rt town 
well the  fluoride content w as 2.0 p a rts  per million.
Sheffield Shale
Character. A  th in  bed, which is probably the  Sheffield fo r-  
m ation as restric ted  by Stainbrook (1950, p. 365, 366), over- 
lies the  Lime Creek shale in places in W ebster County. Well 
cu ttings indicate th a t  th is g ray  and green calcareous shale con- 
ta ins th in  beds of argillaceous dolomite. The shale is identified 
in the Lehigh tow n well (87-28-1212), a  p a r t  of th e  well log 
being given below.
D istribution  and, thickness. The Sheffield shale w as distin- 
guished in  one o ther well (89-30-11R1) in the w estern  p a r t  of 
the county, and i t  is probably p resen t a t  o ther localities. The 
shale is 20 fee t th ick  a t  the  Lehigh well and 15 fee t a t  well 
88-30-11R1.
Thickness Depth 
(feet) (feet)
M ississippian system :
H am pton fo rm ation :
Dolomite, brow n, finely crystalline, w ith 
som e g ray  to drabbish  w hite chert                              155 330-485
Dolomite, buff, finely crystalline, 
calcareous 10 485-495
Dolomite, g ray , finely crystalline, silty 5 495-500
U ndifferentiated beds:
Siltstone, g ray , soft, friab le 10 500-510
Shale, g ray  and  green, slightly  calcareous 10 510-520
A plington dolomite:
Dolomite, ligh t to  dark  brown, finely crys
talline, w ith  some ligh t-gray  chert 10 520-530
Devonian system :
Sheffield sh a le :
Shale, light-green and gray, calcareous, 
w ith  some g ray  argillaceous dolomite 20 530-550
Lime Creek sh a le :
Dolomite, cream , medium to  finely crys
talline 5 550-555
Limestone, cream, w ith imbedded dolomite 
rhom bohedrons 10 555-565
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A ge and correlation. Fenton (1919, p. 355-376) used the  
nam e Sheffield fo r shales underlying a p a r t  of Lime Creek shale 
probably exposed a t  Sheffield in F rank lin  County. Thom as (1925, 
p. 116) called a tten tion  to the fac t th a t  the  nam e was applied to  
two shales, and he renam ed the shale beneath the  limestone beds 
of the Lime Creek the Jun iper Hill shale, re ta in ing  the  name 
Sheffield fo r  the  beds overlying the Lime Creek shale a t  Sheffield. 
V an Tuyl (1925, p. 91) refe rred  the  shale to  the  K inderhookian 
series of the  M ississippian bu t thought the  lower shales m ight 
be of Late Devonian age. Laudon (1931, p. 346) refe rs  the  shale 
and overlying dolomite of the Sheffield form ation  to  late  Late 
Devonian. Stainbrook (1950, p. 365-385) separates the  dolo- 
m ite from  the Sheffield, giving i t  the  nam e Aplington. He refe rs  
the  Aplington to the Kinderhookian series of M ississippian rocks 
and  the restric ted  Sheffield to U pper Devonian rocks.
In  th is report the shale below the  A plington dolomite and 
above the Lime Creek shale is refe rred  to  the  Sheffield shale. 
W here the Aplington dolomite is no t present, th is  shale is prob- 
ably included in the undifferentiated beds above the Aplington 
dolomite.
W ater supply. The Sheffield shale probably yields no w ater 
to  wells and acts as an  effective b a rr ie r  to  the  vertical movement 
o f w ater. The shale is generally cased off from  wells penetrating  
it.
M ISSISSIPPIA N  SYSTEM  
Kinderhookian Series  
Aplington Dolomite
Character, distribution, and thickness. The A plington dolo- 
m ite as found in the subsurface a t  two wells in  W ebster County 
is composed of buff, medium to finely crystalline dolomite and 
some w hite to light-gray chert. I t  w as identified in  the  Lehigh 
tow n well (87-28-12J2) and in  one well (89-30-11R1) in  the  
w estern  p a r t  of the  county, w here i t  is 15 fee t thick. I ts  relation 
to  ad jacen t beds in the Lehigh well is given in  the discussion of 
the  Sheffield shale.
Age and  correlation. S tainbrook (1950, p. 365-385) sep- 
a ra tes  the dolomite in the upper p a r t  of the  Sheffield form ation 
from  th a t  un it and names it the  Aplington dolomite, from  ex- 
posures in  B utler County in  no rtheaste rn  Iow a near Aplington. 
In  sections given by Stainbrook, the  A plington directly overlies 
the  Sheffield shale and underlies the  Chapin limestone. H e sta tes
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th a t  the  Sheffield is of L ate Devonian age and th a t  the  Aplington, 
on faunal evidence, belongs to  the Kinderhookian series.
W here the  Aplington is recognized in the  subsurface in Web- 
s te r  County, i t  is overlain by undifferentiated shales which in 
tu rn  a re  overlain by the  H am pton form ation.
W ater supply. The Aplington dolomite probably does not 
yield an  appreciable quan tity  of w ater to  wells in W ebster 
County, and no wells a re  known to  be finished in i t  there.
Undifferentiated Beds
Character, distribution, and thickness. A shale o r series of 
shales overlies the  Aplington dolomite or occurs a t  th is  s tra ti- 
graphic position in  W ebster County. I t  is p rim arily  a  g ray  non- 
calcareous sh a le ; silty  beds m ay occur in the  upper p a r t  o r the  
shale m ay contain considerable silt, as  in  the  Dencklau farm  well 
(89-27-7A l) .  The shale often  caves in  wells pene trating  it  and 
then  requires casing. The casing is usually extended through 
the Aplington dolomite and Sheffield shale, when th e  lower shale 
is present. In  the Duncombe and Lehigh town wells, the  shale 
was found to  be firm and w as le ft uncased.
This shale horizon, which m ay include the  Sheffield shale in 
places, probably extends over the en tire  county w ith the excep- 
tion of the a rea  ad jacen t to Manson. I t  usually ranges in thick- 
ness from  20 to  45 feet.
A ge and correlation. The shales above the  Aplington dolo- 
m ite in  W ebster County m ay belong to  the  Maple Mill shale; 
however, there  is a  possibility th a t  they  a re  a  p a r t  of the  P ros- 
pect Hill form ation. They a re  underlain by the  A plington dolo- 
m ite w here i t  is p resen t and in  o ther places in  th e  county m ay 
res t on the  Sheffield shale and  Lime Creek shale. They a re  over- 
lain by the H am pton form ation.
W ater supply. These undifferentiated shales do no t yield w a- 
te r  to  wells in  W ebster County and probably ac t as  an  effective 
b a rr ie r  to  the vertical movem ent of w ater between the  overlying 
and underlying w aterbearing  beds of limestone and dolomite.
Hampton Formation
Character, d istribution, and thickness. The H am pton fo rm a- 
tion as used in  th is  rep o rt comprises th ree  m em bers which in 
ascending o rder a re  the  M aynes Creek, Eagle City, and Iowa 
Falls. The M aynes Creek m em ber as observed in the  subsurface 
in W ebster County is p rim arily  a  brown, finely crystalline dolo-
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m ite containing some g ray  to  drabbish  w hite chert. The Eagle 
City member consists p rim arily  of lithographic to oolitic lime- 
stone. The Iow a Falls m em ber is predom inantly  a  buff to  brow n 
coarsely to  medium crystalline dolomite. The dolomites of the 
H am pton form ation a re  locally very  porous, b u t no t necessarily 
perm eable. A  dolomitic lim estone n ea r the  base of the  H am pton 
form ation in places is 10 to 20 fee t thick and m ay be a  p a r t  of 
the Chapin limestone, which in  th is  report, however, is included 
in th e  H am pton form ation.
The H am pton form ation probably extends over the  whole 
county except the  northw estern  p a rt. I t  ranges in  thickness from  
130 to 210 feet, the  general thickness being about 160 feet. (Ta- 
ble 12 lists the  thickness of the  form ation  a t  various places in  
the county.)
A ge and correlation. The H am pton form ation, which does 
no t crop out in  W ebster County, is exposed about 40 m iles east 
in  F rank lin  and  H ard in  Counties and  in  a  belt extending to  the  
southeast. Laudon (1930, p. 174) nam ed the  form ation fo r  the  
county seat of F rank lin  County, w here the  form ation  is best 
developed, and subdivided i t  in to  th e  Chapin, M aynes Creek, 
Eagle City, and Iowa Falls m em bers (1931, p. 387). L a te r (1935, 
p. 246, 247) he removed the  Chapin m em ber from  the  form ation 
in  north -cen tral Iow a and its  in fe rred  correlative, the  N orth  Hill, 
in  southeastern  Iowa. In  the  type a rea  the  H am pton is under- 
lain  by the  Chapin limestone and  overlain by the  Alden lime- 
stone. Subsurface studies in  W ebster County show th a t  the 
H am pton is overlain by the  Gilmore City lim estone (Alden lime- 
stone) and overlies the  undifferentiated shale beds of M issis- 
sippian age.
Laudon (1931, p. 344) assigned the  H am pton form ation  to  the  
Kinderhookian series and la te r  (1935, p. 246) strongly  sta ted  th a t 
no t only the  H am pton b u t the overlying Gilmore City lim estone 
also is of Kinderhookian age.
W ater supply. Several fa rm  wells, one each of the  tow n wells 
a t  Badger, Callender, Dayton, and Gowrie, a  fo rm er tow n well a t  
Duncombe, and several wells in F o r t  Dodge a re  finished in  the  
H am pton form ation. A lthough aqu ifers in  M ississippian rocks 
younger th an  the  H am pton a re  generally  open to  these wells, i t  
is in ferred  th a t the  principal supply is obtained from  the  H am p- 
ton form ation. The supplies a re  generally  m oderate, am ple fo r 
fa rm  use, b u t no t alw ays enough fo r  m unicipal use.
The town well a t  Badger, which completely penetrates the
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Ham pton, obtains 55 gallons a  m inute w ith  a  reported  draw down 
of 102 feet. The standby well a t  D ayton produces 20 gallons a  
m inute, the  fo rm er town well a t  Duncombe 17 gallons a  m inute, 
largely from  th is form ation, and the  tow n well a t  Callender 11 
gallons a  m inute w ith  a  large drawdown.
In  F o r t Dodge, some wells have obtained large supplies of 
w ater from  the  H am pton form ation. A  cream ery well (89-28- 
19K2) is reported  to  produce 500 gallons a  m inute w ith  a  draw - 
down of 13 feet. The Cargill, Inc., well (89-28-19P5), in itially  
finished a  sho rt distance below the  base of the  H am pton fo rm a- 
tion, furn ished  255 gallons a  m inute w ith  a  pum ping level of 
100 to 110 feet. F o r t  Dodge city  wells 8, 9, and 12, finished in 
the H am pton form ation, obtain large quantities of w ater, b u t 
the form ation m ay be m ore perm eable here because of breccia- 
tion and solution of the rocks due to  fau lting .
W ater from  the H am pton form ation  is hard , and the  iron con- 
ten t is generally objectionably high. In  some wells, as a t  Badger, 
Callender, Gowrie, in  the  older well a t  Duncombe, and a t  Dolliver 
S tate  P ark , the fluoride content of the w ater is above the  gener- 
ally acceptable lim it of 1.5 p a rts  per million.
Gilmore City Limestone
Character, distribution, and thickness. The Gilmore City 
limestone in  W ebster County is a  cream  to  w hite sublithographic 
and oolitic limestone. Because o f its  distinctive appearance and 
appreciable thickness, i t  is one of the  m ost easily recognized 
form ations encountered in  drilling. W here the  Iow a Falls 
member is absent, i t  is difficult to  separa te  the Gilmore City 
from  the subjacent Eagle City oolitic limestone m em ber in  the  
H am pton form ation.
The Gilmore City limestone is present throughout the  county 
w ith the  exception of the  northw estern  p a rt, ran g in g  between 
85 and 125 fee t in  thickness. The configuration and altitude of 
the top of the Gilmore City limestone a re  shown in figure 22.
Age and correlation. The Gilmore City limestone, which is 
not exposed in W ebster County, crops out a t  several places in 
Hum boldt County to  the  north . The type section is located about 
13 miles no rth  of the northw est corner of W ebster County, in 
Pocahontas County n ear Gilmore City. A limestone th a t crops 
out in  w estern H ard in  County to  the east of W ebster County 
w as nam ed the  Alden limestone by Van Tuyl (1925, p. 52, 92, 
99). This ligh t-gray  thin-bedded slightly  oolitic lim estone over-
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Figure 22.—Map of Webster County showing the general configuration 
and altitude, with reference to mean sea level, of the top of the Gilmore
City limestone.
lies the  Iowa Falls m em ber of the H am pton form ation in  the 
vicinity of Alden and was tentatively  refe rred  to  the top of th e  
K inderhookian series. V an Tuyl fu rth e r  noted the sim ilarity  in 
lithology o f these beds and the limestones exposed in  quarries 
in the vicinity of Gilmore City. Laudon (1931, p. 349, 416, 417) 
correlated the  Alden limestone w ith  the Gilmore City limestone 
and la te r (1933) trea ted  them  as the top form ation of the
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Kinderhookian series. He sta ted  th a t the form ation was un- 
conform ably overlain by the St. Louis limestone and underlain 
by the Iowa Falls member of the H am pton form ation. In  p a rts  
of central Iowa the  Gilmore City limestone is overlain by the 
Burlington limestone of the Osagian series.
The Alden limestone has been traced in the subsurface from  
the  vicinity of Alden into W ebster County. In the county, the 
Gilmore City (A lden) limestone rests  on the  Iowa Falls mem- 
ber in  m ost places bu t in the northern  p a r t of the county i t  may 
re s t on the Eagle City m em ber of the  H am pton form ation. I t  is 
m antled by rocks tentatively  assigned to  the Osagian series.
W ater supply. Several farm  wells in the county and the 
shallower tow n wells a t  B adger and Lehigh are  finished in the 
Gilmore City limestone. Yields a re  generally small to m oderate. 
The B adger town well (90-28-15D1) yields 23 gallons a m inute, 
the  drawdown being unknown. The Lehigh town well (87-28- 
12J l )  penetrated  the en tire  thickness of the  Gilmore City lime- 
stone a t  a  depth of 329 feet and flowed 15 gallons a m inute in 
1948. Pum ping yielded 60 gallons a m inute w ith a  reported 
pum ping level of 165 feet.
Several fa rm  wells finished in the  form ation obtain adequate 
supplies w ith  little draw dow n; however, a  few  wells w ith yields 
of 4 to  6 gallons a  m inute have draw dow ns of more than  100 
feet. This indicates th a t  the  beds a re  very dense a t  some localities 
b u t perm eable and capable of yielding m oderate to large supplies 
to  wells a sho rt distance away, a condition found in m any lime- 
stones.
The w ater from  the Gilmore City limestone is ha rd  and in 
the  tow n wells of B adger (90-28-15D1) and Lehigh (87-28-12J l )  
and several farm  wells there  is an  objectionable am ount o f iron. 
In  addition, the Lehigh well yields w ater w ith a  high fluoride 
content (table 9 ) .
Osagian Series 
Undifferentiated Beds
Character, d istr ibution, and thickness. Below the sandstone, 
sandy limestone, and dolomite o f the  St. Louis limestone and 
above the buff to w hite lithographic and oolitic limestone of the  
Gilmore City limestone in W ebster County, there  a re  beds th a t 
resemble the  W arsaw , Keokuk, and B urlington limestones of the 
Osagian series in southeastern  and central Iowa.
The beds, in descending order, a re  represented by a g ray
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shale, a  chocolate-brown to ta n  medium crystalline b rillian t 
dolomite, a  fine-grained fragm en ta l glauconitic limestone, and, 
n ear the  base, g ray  argillaceous lim estone and dolomite w ith  beds 
of gray  shale. M inor am ounts o f chert and chalcedony are  
commonly p resent a t  various horizons in  the series.
The rocks of the Osagian series probably occur over the  en tire  
county w ith the  exception o f the  northw estern  p a rt. W here 
covered by the  St. Louis limestone, they  range between 65 and 
100 fee t in  thickness, b u t w here erosion has removed the  St. 
Louis limestone, as in  the  eastern  h a lf  of the  county, they range 
between 25 and 45 fee t in thickness.
A  few  fee t o f g ray  shale and brow n dolomite belonging to  the  
Osagian series is exposed beneath the S t. Louis limestone on 
South L izard Creek in  the  S E ¼ SW ¼  sec. 23, T. 89 N., R. 29 W. 
O ther exposures of these beds probably occur in  the  extrem e 
northern  p a r t  o f the county and in  H um boldt County in  the  valley 
of the Des Moines River.
A ge and correlation. Only a  few  fragm ents of crinoids w ere 
observed in  s tra ta  assigned to  th e  O sagian series exposed in  the  
limestone m ine located in  p a rts  of secs. 23 and 24, T. 89 N., R. 
29 W. The assignm ent of the beds below the sandy limestone and 
dolomite of the St. Louis lim estone and above the cream-colored 
limestone of the  Gilmore City to  the  Osagian series is based en- 
tire ly  on lithologic sim ilarities to  th is  series o f rocks in  south- 
eastern  Iowa. These beds a re  less sandy and m ore evenly bedded 
th an  the  St. Louis s tra ta . A dditional investigation m ay indi- 
cate, however, th a t  a p a r t  of these beds belong to the  S t. Louis 
o r Spergen limestone. The resu lts of the p resen t investigation 
did not perm it subdivision of th e  Osagian series into the  form a- 
tions defined in the southeastern  p a r t  of th e  State.
W ater supply. Several farm  wells w ith in  the  cen tral and 
no rthern  p a r t  of the  county a re  finished in  O sagian rocks al- 
though in m ost of these wells a  p a r t  of th e  supply is probably 
developed from  the St. Louis limestone. The yields are  generally 
small.
Recharge to  the aquifers probably occurs in  the northeastern , 
northw estern , and a  portion o f  th e  east-central p a rts  of the 
county through  aquifers in  the  overlying d r if t  and St. Louis 
limestone. In  these areas, w ater levels in wells stand  h igher than  
in the central p a r t  of th e  county.
W ater from  the  O sagian series, like th a t  from  other aquifers 
in W ebster County, is hard . In  some wells i t  contains m ore than
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1 p a rt per million of iron and m ore th an  1.5 p a rts  per million of 
fluoride.
Shales in  the Osagian rocks often require casing, which is 
slotted opposite w ater-bearing  beds.
M eramecian Series 
St. Louis Limestone
Character, distribution, and thickness. The St. Louis lime- 
stone as i t  occurs in W ebster County is composed of sandstone, 
sandy limestone and dolomite, limestone and dolomite, and a 
m inor am ount of shale. The beds in m any places a re  lenticular 
and brecciated, g iving the form ation  a  very heterogeneous ap- 
pearance in  exposures.
A  sandstone which is commonly p resent a t  the  top of the  fo r- 
m ation is  exposed in  places along L izard Creek, D eer Creek, and 
th e  Des Moines R iver in the  no rthern  p a r t of the  county. The 
sandstone is a  m edium-to-fine-grained frosted  quartz  sand and 
is cream  to  buff in exposures, w here i t  is poorly cemented. Below 
the  sandstone there  is in m any places a  few  fee t o f g ray  to  beige- 
colored lithographic to  sublithographic lim estone containing 
fragm ents of brow n chert. Below the  lim estone a re  g ray  and 
brow n dolomites, which a re  lenticular and interbedded w ith  
g ray  to  greenish-gray calcareous sandstone. Much of the  dolo- 
m ite is sandy and th e  beds a re  commonly brecciated. N ear the  
base of the  form ation a  brown sandy evenly bedded dolomite is 
ordinarily  present. Thin beds o f g ray  shale occur w ith in  the 
sandstones and dolomites, b u t seldom a re  they  over 5 fee t thick.
To the  south of F o r t Dodge a  small exposure of St. Louis lime- 
stone m ay be seen a t  low stages of the Des Moines R iver in the  
NW ¼ N E ¼  sec. 8, T. 88 N., R. 28 W. The St. Louis limestone 
is exposed alm ost continuously from  the  m outh of L izard Creek 
northw ard  along th e  le ft bank of the  Des Moines R iver fo r  a 
distance of approxim ately 2 miles, to  the N E ¼  sec. 7, T. 89 N., 
R. 28 W. H ere the  sandstone, limestone, and dolomite beds 
form  bluffs reaching 15 feet above the  riv e r level and a re  over- 
lain by shales and  sandstone of Pennsylvanian age. F a r th e r  
upstream , a  few  fee t of g ray  well-cemented sandstone is ex- 
posed in  a  small tr ib u ta ry  on the  r ig h t side of the  Des Moines 
River, n ear the center of sec. 1, T. 89 N., R. 29 W. F a r th e r  north, 
along B adger Creek near its  confluence w ith  th e  Des Moines 
River, the  following section is exposed:
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P l a t e  10 .— A ,  E X PO SU R E O F ST. LO U IS L IM ESTO N E A LO N G  S O U T H  L IZARD 
C REEK I N  T H ES E ¼ S W ¼  SEC. 23 , T . 8 9  N ., R . 2 9  W .;  B . E XPOSURE OF S TE. 
G E N E V I E V E  L I M E S T O N E  A L O N G  T H ELEFT VALLEY WALL OF THE  D ES M OINES 
R IVER AT F ORT D ODGE IN THE CENTER OF THE  N W ¼ s e c .  19, T . 89 N ., 
R. 28 W. THE LIGHT-COLORED SHALE IS VERY  FOSSILIFEROUS.
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E x p o s u r e  o f  S t .  L o u is  l im e s to n e  n e a r  m o u th  o f  B a d g e r  C reek  
i n  th e  S W ¼ S W ¼ N W ¼ , sec. 30 , T . 90 N ., R . 2 8  W .
Along the  r ig h t bank of the Des Moines R iver in the SW ¼  
N W ¼ SW ¼  sec. 24, T. 90 N., R. 29 W., the  contact between the 
St. Louis limestone and the sandstones of Pennsylvanian age 
m ay be observed.
B e d D e sc r ip tio n  Thick n e ss  (
feet)
M iss is s ip p ia n  sy s te m : 
M e ra m e c ian  s e r i e s :
S t .  L o u is  l im e s to n e :
4. L im esto n e , be ig e , s u b lith o g ra p h ic  to  lith o g ra p h ic , 
w ith  m a n y  th in  c a lc ite  len ses  2.5
3. D olom ite , b e ig e  a n d  buff, fine ly  c ry s ta ll in e , a r - 
g illaceo u s, w ith  th in  s a n d s to n e  a n d  sh a le  beds, 
u n ev en ly  b e d d e d 4.5
2. L im esto n e , g ra y , s u b lith o g ra p h ic , th in  a n d  even ly  
bedded  1
1. S a n d s to n e , lig h t-g ra y , m e d iu m -g ra in e d , f ro s te d , 
c a lca reo u s , u n ev en ly b edded , to  level o f  B a d g e r  
C reek  
(A lt i tu d e  o f  B a d g e r  C reek  a p p ro x im a te ly  1,015 fe e t)
3
B e d D e sc r ip tio n   Thick n e ss  (
fe e t)
 Pens y lv a n ia n  s y s te m : 
 Desm o in es ian  s e r i e s : 
 U n d if fe re n tia te d  b e d s :
5. S a n d s to n e , b u ff  a n d  p a le  g ra y , c ro ss-b ed d ed , con- 
ta in in g  m a n y  la rg e  d u ll p o lish ed  peb b les  a n d  
som e iro n s to n e  a n d  p y r i te  c o n c re tio n s  15.0
4. C o n g lo m era te , com posed  a lm o s t e n tire ly  o f  c h e r t  
cobbles 1 to  2 in ch es  in  d ia m e te r 1.5
3. S a n d s to n e , b u ff  a n d  g ra y , c ro ss-b ed d ed , iro n - 
s ta in e d  5.0
2. C o n g lo m era te , san d , c a lca reo u s , w ith  la rg e  c h e r t  
peb b les  a n d  im p re s s io n s  o f  t r e e  b ra n c h e s  o r  
t r u n k s ;  som e g r a y  sh a le 0.5-1
E x p o s u r e  o f  S t .  L o u is  lim e s to n e  in  th e  S W ¼ N W ¼ S W ¼  
sec. 2 4 , T . 90 N ., R . 29 W .
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N orthw ard  from  the  section ju s t  described, th e  St. Louis lime- 
stone is exposed alm ost continuously to  the  county line. Along 
th is  stre tch  of th e  r iv e r is an in teresting  section in  the r ig h t bank 
n ear the center of sec. 12, T. 90 N., R. 29 W.
B ed s 1 th ro u g h  5 p ro b a b ly  r e p re s e n t  th e  S t. L o u is  lim e s to n e  
w h ic h  is  h e re  35 fe e t  th ic k . B ed s  6 a n d  7 a r e  a s s ig n e d  to  th e  F o r t  
D od g e  fo rm a tio n  a l th o u g h  th e y  m a y  p o ss ib ly  r e p r e s e n t  a  p h a se  
o f  th e  P e n n s y lv a n ia n  sy s te m  o f  ro ck s .
 Mis is s ip p ia n  s y s te m : 
    Me ra m e c ia n  s e r i e s :
 S t. L o u is  lim e s to n e :
1. S a n d s to n e , m e d iu m -g ra in e d , f ro s te d , c a lc a reo u s , in
te rb e d d e d  w ith  lim e s to n e  to  w a te r  lev e l
 (A lt i tu d e  o f  D es  M o in es R iv e r  a p p ro x im a te ly  1,020 fet)
 
 0-7.0
E x p o s u r e  o f  S t .  L o u is  lim e s to n e  n e a r  c e n te r  sec . 12, 
T . 90 N .,  R .  29 W .
B e d D e sc r ip tio n   Thic kn ess  (
fe e t)
 Perm ia n  s y s te m :
 F o r t  D o d g e  ( ? )  f o r m a t io n :
7. L im esto n e , g ra y , sa n d y , p eb b ly , c o n ta in in g  
la rg e  b ro w n  f r a g m e n t s 10
6. S h a le , b u ff a n d  g re e n , n o n c a lc a reo u s , m ic a c e o u s ; 
c o n ta in in g  so m e se le n ite  c ry s ta ls 5
 Miss s ip p ia n  s y s te m : 
  Mera m e c ia n  s e r i e s :
 S t. L o u is  l im e s to n e :
5. S a n d s to n e , c re a m  to  b u if, m ed iu m - to  c o a rse
g ra in e d , a n g u la r  to  ro u n d , p it te d , p o o rly  
cem en ted  b y  d o lo m ite  15
4. D o lom ite , t a n ,  v e ry  s a n d y ; m e d iu m  to  c o a rse  
f ro s te d  sa n d  g r a in s ;  t r a c e  o f  g l a u c o n i t e  7
3. S h a le , g ra y , s o f t ,  u n c tu o u s , n o n c a lc a re o u s 2
2. D olom ite , g ra y ish -b ro w n , f in e ly  c ry s ta llin e , 
s i l ty   5
1. D olom ite , m ed iu m  b ro w n , fine ly  c ry s ta ll in e , 
d e n s e ; t r a c e  o f  g la u c o n ite ; v e in s  o f  m ilk y  w h ite  
a n d  b lu ish  w h ite  c h e r t ,  to  w a te r  l e v e l  
(A lt i tu d e  o f  D es  M o in es R iv e r  a b o u t  1,025 f e e t)
6
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The St. Louis lim estone crops out along the s tream  bed and 
banks of D eer Creek fo r  about 0.5 mile w est of the  north-south 
road in  sec. 23, T. 90 N., R. 29 W. (pl. 11B ). N ear the  road the 
sandstone and lim estone o f the  S t. Louis lim estone a re  overlain 
by shale and sandstone of Pennsylvanian age near stream  level. 
The S t. Louis limestone rises to  the  w est and form s a  bluff 
about 18 feet h igh along the  r ig h t bank of the  stream  in the 
SW ¼ N E ¼  sec. 23, T. 90 N ., R. 29 W.
Exposures of the  St. Louis lim estone occur along Lizard 
Creek a t  in tervals from  its  m outh w estw ard  fo r a  distance of 
about 1.5 miles. H ere  th e  limestone is overlain by shales of the  
Ste. Genevieve limestone. On South L izard Creek along the  left 
bank o f the  stream  near the  center o f the  S E ¼ SW ¼  sec. 23, T. 
89 N., R . 29 W., th ere  is an  exposure o f St. Louis limestone in 
which the  beds dip about 20° to  30° (pl. 10A ). The strike  is 
about N. 15° W. a t  th e  south end of the  exposure. The limestones
B lu f f  se c tio n  in  th e  S W ¼ N E ¼  sec. 23 , T . 90 N ., R .  29  W .
B e d D e sc r ip tio n   Thic kn ess  (fet)
 Mis s isip p ia n  s y s te m : 
      Meram ec ian  s e r i e s :
 S t. L o u is  l im e s to n e :
10. S an d s to n e , m e d iu m -g ra in e d , ca lca reo u s , 
c ro ss-b ed d ed , s o f t   6
9. S a n d s to n e , l ig h t  g ra y , m e d iu m -g ra in e d , v e ry  
c a lca reo u s , th in -b e d d e d , s o f te r  to w a rd  to p  5
8. D olom ite , l ig h t  g r a y is h  b ro w n , v e ry  finely  
c r y s t a l l i n e 1
7. C h e rt, b ro w n , d en se , n o d u la r , b ed d ed  in  b u ff s a n d y  
d o lo m ite 1
6. S a n d s to n e , p a le  g re e n is h  g ra y , m e d iu m -g ra in e d  
s l ig h tly  c a lc a r e o u s 4
5. D o lo m ite  a n d  lim esto n e , b u ff, f r a g m e n ta l  5
4. C h e r t ,  b ro w n , in  le n s lik e  la y e r 1
8. D o lom ite , g r a y is h  bu ff, s ilty , e a r th y , sa n d y , 
v e ry  fine ly  c ry s ta ll in e , f r a c t u r e d 1.4
2. D o lom ite , b ro w n , v e ry  fine ly  c ry s ta ll in e , 
g la u c o n itic , th in -b e d d e d  2.0
1. D o lom ite , b ro w n , fine ly  c ry s ta ll in e , g lau co n itic , 
m ed iu m -b ed d ed , to  s t r e a m  level 
(A lt i tu d e  o f  D e e r  C re e k  a p p ro x im a te ly  1,040 fee t)
2 .0  
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P la te  11.—A, VIEW OF FACE OF SHALE PIT SHOWING, BENEATH THE GLACIAL
DRIFT, SANDSTONE AND SHALE OF THE DESMOINESIAN SERIES; B, EXPOSURE OF 
ST. LOUIS LIMESTONE ALONG THE RIGHT  BANK OF DEER CREEK IN SEC.
23, T. 90 N., R. 29 W.
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end ab rup tly  and possibly m ark  the  no rth  fau lt line of the F o rt 
Dodge fau lt system . The section exposed is as fo llow s:
No exposures of the  St. Louis limestone have been observed 
fa r th e r  upstream  on South L izard  Creek o r on L izard Creek 
above the  junction w ith South L izard Creek.
A  few  exposures of the  S t. Louis limestone occur along a 
stre tch  o f Soldier Creek between 0.5 m ile and 1.3 miles above 
the m outh of the  stream  in p a rts  of secs. 17 ,18 , and 19, T. 89 N., 
R. 28 W. One of th e  b e tte r  exposures is about 400 fee t w est of 
the bridge on 6th S tree t and is as fo llow s:
E x p o s u r e  n e a r  c e n te r  S E ¼ S W ¼  sec. 23 , T . 89 N .,  R . 29  W .
S e c tio n  o n  S o ld ie r  C re e k  i n  th e  c e n te r  N E ¼  sec. 19 , T . 89 N .,
R .  2 8  W .
B e d D e sc r ip tio n   Thic k n e ss  (
f e e t)
Mis s ip p ia n  sy s tem : 
  Mera m e c ia n  se r ie s : 
    St .  L o u is  lim e s to n e :
7. S a n d s to n e , g ra y , v e ry  c a lc a re o u s ; o v e rly in g  ro c k  
m a n tle 3
6. D o lom ite , b ro w n  to  g ra y , g r a n u la r ,  a n d  c a l c i t e 5
5. L im esto n e , g ra y , li th o g ra p h ic , a rg illa c e o u s , 
h eav y -b ed d ed  2.5
4. L im esto n e , g ra y , l i th o g ra p h ic , w ith  th in  
sh a le  b e d s 3
3. S a n d s to n e , g ra y , m e d iu m -g ra in e d , c a lc a re o u s  17
  Osag ia n  s e r i e s : 
U n d iffe re n tia ted  b e d s :
2. S h a le , g ra y , c o n ta in in g  se le n ite  c ry s ta ls  5 .5
1. D o lom ite , d a r k  b ro w n , v e ry  fine ly  c ry s ta ll in e , 
g la u c o n itic ;  c o n ta in s  so m e m o ttle d  g ra y  a n d  
b ro w n  c h e r t ,  to  w a te r  l e v e l
(Alt i tu d e  o f  S o u th  L iz a rd  C re e k  a p p ro x im a te ly  1,010 f et)
3.0
B e d D e sc r ip tio n   Thic k n e ss  
( f e e t)
 Mis s isip p ia n  s y s te m : 
 Me ram ec ian  s e r ie s :
 S t. L o u is  l im e s to n e :
4. S a n d s to n e , p a le  c re a m  a n d  bu ff, m ed iu m - to  
c o a rse -g ra in e d , p re d o m in a n tly  s o f t  10
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Along Soldier Creek, the St. Louis limestone is directly over- 
lain by the Ste. Genevieve lim estone in some places and by shale 
and sandstone of Pennsylvanian age in others. A dditional ex- 
posures of the  St. Louis limestone in the county a re  described 
by W ilder (1923, p. 139-147).
The St. Louis lim estone occurs over m ost of the county except 
th e  northw estern  p a r t  and a few  sm aller areas as indicated in  
figure 23. In  the  vicinity o f Lehigh and in the  areas to  the  south 
and west, w here the  St. Louis limestone is lacking, i t  was re - 
moved by pre-Pennsylvanian erosion. In  the  vicinity of Dun- 
combe and Vincent, i t  w as probably removed a t  a  much la te r date.
The St. Louis limestone in W ebster County res ts  upon the  
rocks tentatively  assigned to the Osagian series. I t  is overlain 
by th e  Ste. Genevieve limestone w here p resen t (fig. 24 ). Over 
a  large p a r t  of the southern three-fifths of the county, rocks of 
Pennsylvanian age res t on the St. Louis limestone. In  the 
extrem e northern  p a r t  and in the  large buried valley along the 
eastern  m argin  of th e  county, the  St. Louis limestone is directly 
overlain by tills and sands and gravels of the  Pleistocene. In  
places in the north-central p a r t  of the  county, the St. Louis lime- 
stone is directly overlain by the  F o r t Dodge form ation. In  the 
a rea  where i t  is overlain by the  Ste. Genevieve limestone, the  
St. Louis limestone is about 50 fee t thick. Over a  large p a r t  of 
the a rea  w here the limestone directly  underlies rocks of Penn- 
sylvanian age i t  is generally between 30 and 50 fee t thick. The 
configuration and altitude of the  base of the  St. Louis limestone 
in  W ebster County a re  shown in figure 23.
A ge and correlation. The St. Louis lim estone in W ebster 
County includes the beds below the clay shale of the  Ste. Gene- 
vieve lim estone and above the shale and cherty lim estone and 
dolomite ten tatively  assigned to  th e  Osagian series of rocks. 
The basal beds are  generally sandy dolomites and sandstones.
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3. L im e s to n e , g ra y , finely  c ry s ta l l in e   1
2. L im esto n e , b u ff a n d  g ra y , do lo m itic , 3- to  
12 -inch  b ed s, th in n e r  to w a rd  b a s e ;  fe w  th in  
b ed s o f  g ra y is h -g re e n  sh a le , d o lo m itic  in  
lo w er p a r t   8
1. S a n d s to n e , g ra y is h -g re e n , c a lc a reo u s , th in  a n d  
i r r e g u la r  bed d ed , v e ry  a rg illa c e o u s  in  lo w er 
p a r t ,  to  w a te r  level 
(A lt i tu d e  o f  S o ld ie r  C reek  a p p ro x im a te ly  1,055 fe e t)
 6 
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Figure 23.—Map of Webster County showing the general configuration and 
altitude, with reference to mean sea level, of the base of the St. Louis
limestone.
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As such the  St. Louis m ay include s tra ta  belonging to  the 
Spergen limestone, which directly  underlies the  St. Louis lime- 
stone in  southeastern  Iowa. In  th a t  a rea  th e  Spergen limestone 
is composed, in  part, of sandstone and  sandy lim estone and dolo- 
m ite (V an Tuyl, 1925, p. 214). The Spergen is n o t generally 
distinguishable from  the  St. Louis lim estone in subsurface 
studies.
W ilder (1902, p. 78 ), in discussing exposures in  W ebster 
County, sta ted  th a t the Pennsylvanian rocks res t on th e  St. Louis 
limestone. He thus included shale beds la te r  assigned to  the  Ste. 
Genevieve limestone in the  St. Louis. Van Tuyl (1925, p. 282- 
284) and others removed the upper shales from  the  St. Louis 
limestone b u t retained  th e  underlying lim estones exposed in  the  
county, correla ting  them  w ith  the  S t. Louis lim estone in  south- 
eastern  Iowa prim arily  on the basis of th e ir  lithology. These 
s tra ta  in  the  southeastern  p a r t  o f the  S ta te  between th e  Ste. 
Genevieve and Spergen lim estones w ere correlated by  V an 
Tuyl (1925, p. 230-282) and other w orkers w ith  the  St. Louis 
limestone in  its  type locality in  the  vicin ity  of St. Louis, M issouri.
W ater supply. In  th e  no rthern  p a r t  of the  county several 
fa rm  wells obtain a m oderate am ount of w a te r from  the  St. 
Louis limestone, yields o f about 1 gallon a  m inute per foot of 
draw dow n being obtained from  some wells. In  several places 
the  sta tic  w ater level is less th an  50 fee t below the upland p la in ; 
th is  h igher w ater level suggests th a t  the  lim estone is being 
recharged here through w ater-bearing  beds in the  ad jacen t d rift. 
In  the  central p a r t  of the  county a  few  wells obtain small b u t 
adequate supplies of w ater from  th is  form ation. Yields of 2 to  
10 gallons a  m inute have been obtained w ith a  draw dow n of 40 
to  90 fee t in m ost wells finished in  the  limestone in th is  a rea . The 
in itia l w ater level in m ost of these wells is m ore th an  100 feet 
below th e  upland. In  o ther places in th e  county the  limestone 
probably contributes some w ater to  wells drilled to g rea ter 
depths, inasm uch as the  St. Louis limestone is generally le ft un- 
cased.
The w ater in the St. Louis limestone is hard , usually contain- 
ing more than  0.5 p a r t  per million of i ro n ; it  contains less than  
1 p a r t  per million of fluoride.
 Ste. Genevieve Limestone
Character. The Ste. Genevieve in W ebster County is com- 
posed p rim arily  of light-green and dark-red unctuous calcareous
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clay shales; however, th in  argillaceous limestone beds, lenses, 
and nodules are  increasingly prom inent in the lower p a r t  of 
the  form ation. W here the limestone beds a tta in  a  thickness of 
m ore th an  2 inches, the  tex tu re  is usually lithographic and the 
color beige, b u t th inner beds a re  usually nodular. The grayish- 
green shales commonly contain pyrite, and the clays and lime- 
stones a re  alm ost en tirely  free  of sand and silt. The more 
calcareous green clays and lim estones a re  very fossiliferous in  
places, and a  particu larly  fossiliferous zone which in  outcrop 
usually w eathers to a  greenish yellow occurs w ith in  25 to 40 
fee t of the  base o f the  form ation. The shales a re  poorly bedded 
and w eather w ith  a starchlike frac tu re .
D istribution and thickness. Shales of the Ste. Genevieve 
lim estone crop out in  places along the Des Moines R iver, Lizard 
Creek, and Soldier Creek in  the  general vicinity of F o r t Dodge. 
A few  feet of green  calcareous shale is exposed n ea r the  level 
of the  Des Moines R iver in the N W ¼ N W ¼  sec 6, T. 89 N., R. 
28 W. H ere the  shale is overlain by Pleistocene deposits. F a rth e r  
dow nstream  along the r ig h t bank of the  r iv e r in the SW ¼ N E ¼  
sec. 12, T. 89 N., R. 29 W., shale a  few  fee t thick is exposed above 
riv e r level and is overlain by sandstone and shale of Pennsyl- 
vanian age. In  F o r t  Dodge, on the  le ft bank of the  Des Moines 
River, a  few  hundred fee t east of the east end of th e  bridge and 
near the center o f the  N W ¼  sec. 19, T. 89 N., R. 28 W., a  th ick- 
ness o f several fee t of red and green shales has recently  been 
exposed (p l. 10B), as  follows:
B e d D e sc r ip tio n   Thickn e ss  
( fe e t)
 Pleisto cen e  s y s te m :
7. Soil; b lack , p e b b ly 5
6. S a n d  a n d  g ra v e l, i r o n - s t a in e d 13
 Miss s ip p ia n  s y s te m : 
 Me ra m e c ia n  s e r i e s :
 S te . G en ev iev e  l im e s to n e :
5. S h a le , p a le  y e llo w ish  g re e n , c a lc a re o u s ; 
u p p e r  p a r t  v e ry  f o s s i l i f e r o u s  5.5
4. S h a le , re d , c a lc a reo u s , som e m o ttle d  g re e n  
a n d  so m e  th in  len se s  o f  g re e n  sh a le . 
W e a th e rs  w ith  s ta rc h lik e  f r a c tu r e    5.5
S e c tio n  n o r th  o f  H ig h w a y  5  o n  l e f t  b a n k  o f  D es  M o in e s  R iv e r  
a b o u t c e n te r  N W ¼  sec . 19, T . 89 N .,  R . 28  W .
122 GEOLOGY AND GROUND-WATER RESOURCES
On the opposite side of the r iv e r and on the  no rth  side of 
L izard Creek, a t  the junction of the  valleys o f L izard  Creek and 
the Des Moines River, shales of the  Ste. Genevieve a re  exposed 
a t  in tervals along the north  road cut of H ighw ay 5 and along 
the  north  bank of L izard Creek. The section from  the  level of 
L izard Creek is approxim ately as follows:
3. S h a le , g ra y is h -g re e n , w ith  sm all lim e s to n e  
n o d u le s ; u p p e r  1.5 f e e t  y e l lo w is h -b ro w n  5
2. L im esto n e , g ra y , n o d u la r ;  n o d u les  a r e  com
p o sed  o f  l i th o g ra p h ic l im e s to n e  1
1. C overed  f ro m  e a s t  en d  o f  b r id g e  o v e r D es 
M oines R iv e r  e a s tw a rd to  e x p o s u r e 14
B ed D escr ip tio n   Thic k n e ss  (
f e e t)
 Pleisto cen e  s y s te m :
18. D r i f t  
 Pensylvanian ( ? )  s y s te m :
 For t  D od g e  f o r m a t io n :
17. G y p su m  3
 Pensy lv a n ia n  sy s te m : 
   Desm o in es ian  s e r ie s :  
 U n d iffe re n tia te d  b e d s :
16. C o v ered  in te rv a l   3
15. S h a le , d a rk -g ra y   3
14. S a n d s to n e , f in e -g ra in e d , s ta in e d  p in k , 
som e p a le -g ra y  3
13. C overed  in te rv a l   2
12. S h a le , b lack , fissile   1
11. S a n d s to n e , p a le  g ra y ish -c re a m , c o a rse -
g ra in e d , c a lc a re o u s ; c o n ta in s p in k  sa n d  g r a in s   3
10. S h a le , d a rk -g ra y , f is s ile ; c o n ta in s  m a n y  
iro n s to n e  c o n c re tio n s  11
9. C overed  in te rv a l 18
 Missisip p ia n  sy s te m : 
  Mera m e c ia n  s e r ie s :
 Ste. G enev ieve  lim e s to n e :
8. S h a le , y e llo w ish -g ray , c a lca reo u s , fo s s il ife ro u s   3.5
7. S h a le , re d  a n d  g re e n , c a lc a reo u s , p o o rly  ex p o sed  20.5
6. L im esto n e , g ra y , s u b l i th o g r a p h ic 2 .0
5. S h a le , g r a y is h  g re e n  to  buff, c a lc a r e o u s 5
S e c tio n  in  th e  N W ¼ N W ¼  sec. 19, T . 89 N ., R . 28  W .
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Additional exposures of the Ste. Genevieve occur a t  intervals 
upstream  along Lizard Creek fo r a  distance of about 2 miles to 
the north  line of sec. 23, T. 89 N., R. 29 W.
South of F o r t Dodge, about 3 fee t of fossiliferous shales is 
exposed along the  le ft bank of the  Des Moines R iver in the NW ¼ SW
sec. 5, T. 88 N ., R. 28 W. F a r th e r  south, on the left bank 
of the  r iv e r a t  the  no rth  line of sec. 8, T. 88 N., R. 28 W., a  few 
feet of St. Louis limestone is overlain by 5 to  6 fee t of sparingly 
fossiliferous shales of the Ste. Genevieve limestone, which is 
overlain in tu rn  by 16 fee t of black fissile shale and 4 feet of 
carbonaceous fossiliferous lim estone belonging to  the  Pennsyl- 
vanian system  o f rocks. H ere the  beds dip very gently to  the 
north.
The m ost southerly exposures of the  Ste. Genevieve limestone 
occur along the r ig h t bank of the Des Moines R iver in the N ¼  
S E ¼  sec. 16, T. 88 N., R. 28 W. H ere fossiliferous shales extend 
to  a  heigh t of 3 to  13 feet above low-river level and a re  overlain 
by shales of Pennsylvanian age.
The general configuration of the  base of the Ste. Geneveive and 
the  d istribution of th is  form ation  in the county a re  shown in 
figure 24. The Ste. Genevieve lim estone appears to have the 
same general d istribution as the younger F o r t Dodge beds. A 
maximum thickness of 70 feet of Ste. Genevieve occurs in secs. 
30 and 31, T. 89 N., R. 28 W., in  the  vicinity of the  depression in 
the base of the form ation south of F o r t  Dodge, and thicknesses 
decrease from  th is  center.
A ge and correlation. The fossils in the m arls above the lime- 
stones a t  F o r t Dodge w ere described in  p a r t  by W orthen (1858, 
p. 178, 179). W hite (1870, p. 221, 222) m entioned th a t  the 
m arls a t  F o r t Dodge contain fossils sim ilar to  those in  the  m arls 
in southeastern  Iowa, which he included in the St. Louis lime- 
stone. Bain (1894, p. 282) gave the nam e Pella to  the  upper 
beds, re ta in ing  them  as a m em ber of the St. Louis limestone.
 S t. L o u is  lim e s to n e :
 4. S an d s to n e , lig h t-b u ff , m e d iu m -g ra in e d , s o f t   5.5
3. L im esto n e , b ro w n , su b lith o g ra p h ic   1
2. D olom ite , buff, p o ro u s , v e ry  u n ev en ly  bedded , 
s a n d y ; g re e n , m ed iu m - to  c o a rse -g ra in e d , 
c a lc a reo u s   5
1. D olom ite , buff, fine ly  c ry s ta ll in e , ev en ly  b edded , 
to  r iv e r  level o f  L iz a rd  C r e e k   4
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Figure 24.—Map of W ebster County showing the distribution of the Ste. 
Genevieve limestone and the general configuration and altitude, with 
reference to mean sea level, of its base.
Nickles and B assler (1900, p. 166, 180) refe rred  the  Pella beds 
to  Ste. Genevieve on the  basis of U lrich’s description of some 
of th e  bryozoan fossils from  the  Pella beds. L ater, Lees and 
Thom as (1919, p. 599-616) described the  m arls above the  St. 
Louis lim estone a t  F o r t  Dodge and correlated the  m arls  a t  F o r t
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Dodge w ith  the Pella beds, thus  reaffirm ing the earlie r correla- 
tion m ade by W hite.
In  southeastern  Iowa, the  Pella  beds constitu te the  youngest 
u n it o f the  M ississippian system  in Iowa. They res t on the St. 
Louis lim estone and a re  overlain by rocks of Pennsylvanian age. 
This is the  relationship  o f the  Ste. Genevieve limestone a t  F o rt 
Dodge. I t  everyw here res ts  on the  St. Louis limestone and over 
m ost o f i ts  a rea  of occurrence is overlain by shale and sandstone 
of Pennsylvanian age. In  a  few  localities in the northern  p a rt 
o f the country, the  Ste. Genevieve limestone is overlain by 
Pleistocene deposits, and a t  least one locality (S W ¼  sec. 31, T. 
90 N., R. 28 W .) i t  is directly overlain by the  F o rt Dodge fo rm a- 
tion of in ferred  P erm ian  age.
W ater supply. The shales of the  Ste. Genevieve limestone 
yield very  little  w ater in  W ebster County, and because of the 
caving n a tu re  of th e  shales, th e  form ation requires casing in 
wells drilled in to  the underlying sandstone and limestone. I t  
undoubtedly res tric ts  th e  vertical movem ent of ground w ater 
between overlying aquifers and the St. Louis lim estone aquifer 
below.
PEN N SY LV A N IA N  SYSTEM  
Desmoinesian Series  
Undifferentiated Beds
Character. The s tra ta  com prising the Desmoinesian series 
a re  predom inantly g ray  to  black shales w ith  some sandstone and 
a  few  coal and  lim estone beds. Thick channel sandstone deposits 
trend ing  in  a  general southerly  direction occur in the  north-cen- 
tra l  and southeastern  p a rts  of the  county. Wells drilled on the 
upland plain commonly encounter fine-grained and silty  sand- 
stone beds of Pennsylvanian age generally n o t m ore th an  20 fee t 
thick a t  a  depth rang ing  from  100 to  175 feet. They a re  com- 
monly overlain by light-colored shales and th in coal beds, usually 
less than  2 feet thick, and underlain by black shales, and occa- 
sional coal seams. N ear the  base of the  Pennsylvanian s tra ta  a  
dark-gray  to  black lim estone containing fossils is usually  p res- 
ent. One of the  characteristic  fea tu res  of the Pennsylvanian 
rocks is the  lenslike n a tu re  of m any of the  beds, indicative of 
shallow -w ater deposition. Descriptions of the  Pennsylvanian 
s tra ta  in  various p a rts  of the  county based on the  study  of well 
cu ttings a re  given in  th e  section on well logs.
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D istribution and thickness. Rocks belonging to th e  Des- 
moinesian series compose the bedrock over m ost of the  southern 
p a r t and much of the  north-central p a r t  of the  county. Outcrops 
of these s tra ta  frequently  occur along the valley of the  Des 
Moines R iver and its tribu ta ries .
In  the no rthern  p a r t of the  county along either side of the 
riv e r in secs. 13 and 24, T. 90 N., R. 29 W., cross-bedded cal- 
careous coarse-grained sandstone form s bluffs 15 to  20 fee t in 
height (p l. 12B). This sandstone res ts  on limestone and sand- 
stone beds of the St. Louis limestone and is overlain by d rift.
About 2 miles north  of F o r t Dodge along the  r ig h t bank and 
a t  a  sharp  bend of the  Des Moines R iver n ear the  center of sec. 
7, T. 89 N., R. 28 W., black fissile shale w ith  some sandstone is 
exposed from  near w ater level to a  height of m ore th an  40 feet. 
The shale here rests on the  St. Louis limestone and a re  overlain 
by till. Exposures of shale and sandstone overlying the St. Louis 
limestone occur along the  left bank southw ard from  th is  location 
to F o rt Dodge.
South of F o r t  Dodge, the sections exposed in  three clay p its  
opened in the  valley walls of the  Des Moines R iver and one on 
Crooked Creek near Lehigh have been described by Gwynne 
(1943, p. 339-344). H is description of the  section a t  the Vin- 
cent Clay Products Co. pit, in the SW ¼  sec. 6, T. 88 N., R. 28 W., 
is as follows:
S e c tio n :  V in c e n t C la y  P ro d u c ts  Co., 
F o r t  D odge , W e b s te r  C o u n ty
M ember  D e sc r ip tio n   Thic kn ess  (
fe e t)
16. T ill 0-15
15. G y p su m  in  i r r e g u la r ly  sh a p e d  e ro s io n  r e m n a n ts 0 - 8
14. S a n d s to n e , re d  a n d  b ro w n , c o n g lo m e ra tic  to w a rd  
to p , c a lc a reo u s  0 - 3
13. S h a le , g r a y  a n d  b u ff, w ith  b r ig h t  re d  s t r e a k s ,  s o f t  
f ro m  w e a th e r in g  4.5
12. S h a le , v e ry  s il ty , b a n d e d  l ig h t  g r a y  a n d  re d 1.5
11. S a n d s to n e , d u ll-red , a rg illa c e o u s , so f te n e d  b y  w e a th
e r in g ; g ra d e s  in to  b ed  10 1.2
10. S h a le , lig h t-g ra y , la m in a te d 1
9. S h a le , d a rk -g ra y , la m in a te d , n o ta b le  n u m b e r  o f  
c lay  iro n s to n e  c o n c r e t io n s 2.6
8. C lay  (u n d e rc la y ) ,  g ra y , coa l s m u t  a t  to p .3
7. S h a le , d a rk - re d  1.5
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The uneven bedding of some of th e  Pennsylvanian rocks is 
shown in  plate 11A, a  view of the  shale p it in the  SW ¼ S E ¼  sec. 
8, T. 88 N., R. 28 W. The section, in  descending order, consists 
of till, a  bed of fine-grained sandstone irregu larly  overlying a  
g ray  to  black shale, and a  buff to  g ray  shale. The shales and 
sandstone together a re  about 65 fee t thick, including a  few  fee t 
of coal n ear floor level in the southw estern p a r t  of the pit. Sub- 
surface control indicates th a t  the  top of the  limestone of Mis- 
sissippian age is 135 fee t below the  top of the  sandstone.
F a r th e r  south, th ick  sandstones a re  exposed along the  banks 
of the Des Moines R iver from  sec. 14, T. 88 N., R. 28 W., down- 
stream  to the  vicinity of Lehigh in  sec. 1, T. 87 N., R. 28 W., and 
are  described by W ilder (1902, p. 85-88) as fo llow s:
“The Coal M easure sandstones a re  the strik ing  s tra tig raph ic  
fea tu re  in the  southern  p a r t  of the county w here a  maximum  
thickness of 60 fee t is exposed. M ost of the layers are  fe r- 
ruginous, b u t n ear Lehigh the  upper courses a t  certa in  points 
a re  cemented w ith  carbonate of lime. The bond between the  
g rains is slight when iron  is the cem enting substance. The lay- 
ers containing carbonate of lime, however, a re  firm  and suitable 
fo r  building. Typical exposures of these sandstones m ay be seen 
on P ra ir ie  Creek in  Otho Township, section 35, the so-called cop- 
peras beds, and a t  W ild Cat cave in P leasan t Valley Township, 
sec. 11, SW ¼ .
S e c tio n  a t  ‘C opperas B e d s ’ n e a r  th e  m o u th  o f  P r a ir ie  C reek
6. S h a le , d a rk -g ra y , la m in a te d .5
5. S h a le , s ilty , n o d u la r  f r a c tu r e .3
4. S h a le , a rg illa c e o u s , d a r k  s la te  b lu e  a n d  g ra y , fissile, 
p a r t ic u la r ly  to w a rd  b o tto m ; c o n ta in s  n u m e ro u s  
c a lc a reo u s  c o n c re tio n s  a p p ro x im a te ly  in  m id d le ; 
s t r e a k s  o f  c ru m b ly  re d  s a n d y  c lay 0.6
3. C lay  (u n d e rc la y ? ) ,  g ra y -b u f f ;  a n g u la r  f r a c tu r e ,  no 
la m in a tio n  1.8
2. S h a le , la m in a te d , re d  a n d  l ig h t-g ra y .2
1. S a n d s to n e , w h ite , n o n c a lc a reo u s , s l ig h tly  c ro ss -
b ed d ed  4.0
F e e t
4. D r i f t 5-50
3. S an d s to n e , c ro ss-b ed d ed , so f t , fe r ru g in o u s , c o n ta in in g  
c o n c re tio n s  30
2. S a n d s to n e , co n g lo m e ra tic , c o n ta in in g  la rg e  b locks o f
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“The concretions in the sandstone a re  very  abundan t and of 
all sizes from  a  foot to  a  frac tion  of an  inch. M any of the  sm aller 
ones a re  hollow. Cross-bedding is everyw here conspicuous. . . .
“The iron conglomerate, containing iron and no rthern  pebbles, 
was found only n ear the  m outh of P ra ir ie  Creek and in  a  ravine 
a  mile fa r th e r  south. P erhaps one-half of the  rock consists of 
sm all pebbles and th e  re s t of the  cem enting iron. The rock so 
form ed is very  hard  and seems to  w eather very  little. W here i t  
has been long exposed to  the  a ir  the  pebbles have fallen out and 
the  rock has a  vesicular appearance, in color and s tru c tu re  re - 
sem bling lava.”
The foreset beds o f  th is  channel sandstone have a  southw ard 
dip in  the  a rea  of exposure. The sandstone has been encountered 
in a  well a t  some distance from  the  a rea  of outcrop in  the 
N E ¼ NW ¼  sec. 30, T. 87 N., R. 28 W. O ther wells have been 
finished in the  sandstone a t  points n ea re r the  outcrop area. These 
control points suggest th a t  the  channel trends in  a  southw esterly  
direction from  its  outcrop area. The channel sandstone seems to  
have a  w idth  of a t  least 3 miles.
The s tra ta  assigned to  the  Desmoinesian series of rocks reach 
th e ir  g rea test thickness in  the  southern p a r t  of the  county. A t 
Dayton, these rocks a re  about 230 fee t thick. A t H arcou rt and 
in  the  v icinity  of Callender they  reach a  thickness of approxi- 
m ately 200 feet. F a r th e r  north , in  the  v icinity  of F o r t  Dodge, 
they a re  about 100 fee t thick, and  from  there  no rthw ard  they  
become th inner ra th e r  abruptly .
Age and correlation. The shales and sandstones res t on the 
Ste. Genevieve limestone in its  ra th e r  lim ited a rea  of occurrence 
and on the  St. Louis limestone over a  large  p a r t o f the  area. In  a  
few  places w here the  St. Louis limestone is absent, th e  Penn- 
sylvanian s tra ta  re s t on rocks of the  Osagian series. The Pennsyl- 
vanian  s tra ta  a re  overlain locally by the  F o r t  Dodge form ation 
o r by Cretaceous rocks. However, over a  large p a r t  of the  county
s a n d s to n e  fo u n d  in  th e  v ic in ity , w ith  fo s s i l  w ood  in  
la rg e  p ieces . T h e  s u r fa c e  o f  th is  p o r t io n  o f  th e  b lu ff  is  
u su a lly  w h ite  w ith  F eS O 4 15
1. C o n g lo m era te , c o n s is tin g  o f  p e b b le s ;  q u a r tz  e sp ec ia lly  
a b u n d a n t, th o u g h  so m e g r a n i te s  a n d  g re e n s to n e s , w a -  
te rw o rn , sm a ll, n o n e  ab o v e  h a l f  a n  in c h  in  d ia m e te r , 
c e m en ted  b y  iro n  so  t h a t  p e rh a p s  25  o r  30  p e rc e n t  o f  th e  
w ho le  m a ss  is  iro n . I n  th e  c e n te r  th e r e  is  a  tw o -in ch  
s t r e a k  o f  c la y  iro n s to n e  a n d  th r e e  in ch es  o f  s o f t  s h a le 4
P LATE 12.— A, E XPOSURE OF BANDED GYPSUM O F  T H E  F ORT DODGE FORMATION IN A QUARRY IN THE N W ¼ SEC. 26, T. 89 N ., 
R. 28 W .; B, E XPOSURE OF SANDSTONE OF DESMOINESIAN SERIES ALONG THE RIGHT BANK OF THE DES MOINES R IV E R  I N  THE 
N W ¼ S W ¼ SEC. 24, T. 90 N ., R. 29 W. A  CONGLOMERATE COMPOSED OF CHERT PEBBLES OCCURS NEAR THE BASE OF THE BLUFF.
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they are overlain by Pleistocene deposits. The Pennsylvanian 
rocks in W ebster County a re  assigned to the Desmoinesian series 
by Keyes (1893), W ilder (1902), and o ther w orkers in  the  area. 
Detailed study of these s tra ta  has no t been m ade in W ebster 
County.
W ater supply. A  num ber of wells, including one m unicipal 
supply well, have been finished in  sandstones o f Desmoinesian 
a g e ; m ost of these a re  in  the  southern  p a rt of the  county. Yields 
obtained outside the  a re a  o f the  channel sandstones a re  generally 
adequate fo r fa rm  use. The town well a t  Callender (87-30-12L2), 
which is finished in sandstone of Pennsylvanian age a t  a  depth of 
185 feet, is reported  to  yield 12 gallons a  m inute w ith  a  draw - 
down of 113 feet.
W ells finished in the  channel sandstone in  the general vicinity 
of Lehigh yield 1 or m ore gallons a  m inute per foot of draw down. 
The school well a t Burnside (87-28-15N1) yields 9 gallons a  
m inute w ith  a  draw down of 3 feet, the  K ling fa rm  well (87-28- 
30C1) obtains a supply o f 10 gallons a  m inute w ith a  reported 
draw dow n of 10 feet, the Jensen fa rm  well (88-28-34D1) fa r th e r  
northeast reportedly yields 12 gallons a  m inute w ith  a  small 
drawdown, and the  Spike fa rm  well (88-28-13F1) develops a 
supply of 10 gallons a m inute w ith a small drawdown.
The nonpum ping w ater level in  wells finished in the  channel 
sandstone is between 90 and 110 fee t below the  upland surface, 
w hereas in the  th inner sandstones aw ay from  the Des Moines 
R iver the  nonpum ping w ater level is between 30 and 60 feet 
below the  upland surface. The w ater in  these sandstones appears 
to  be moving tow ard the  valley of the Des Moines River.
The w ater from  the sandstones of Pennsylvanian age is hard  
and commonly has a  high iron  content. The fluoride content is 
probably below 2 p a rts  per million.
PER M IA N  (?) SYSTEM
Fort Dodge Formation
The occurrence of gypsum  in the  vicinity of F o r t Dodge was 
noted by Owen (1852, p. 126), and since th a t  tim e the  gypsum  
and associated shales and sandstone have been studied exten- 
sively in  regard  to  th e ir  age and origin, because of the  com- 
m ercial value of the gypsum.
Character. The m ain body of the  gypsum  is ligh t gray-w hite 
and massive. On w eathering, i t  is prom inently banded g ray - 
w hite and dark  g ray  (p l. 12A). Beneath the  gypsum  in the
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southern p a r t  of the  a rea  of occurrence there  is commonly a 
red  to  g ray  conglom erate (p l. 13), which was firs t reported 
by Lees (1919, p. 587-591). The conglom erate is composed 
largely of limestone pebbles some of which are  m ore th an  an  
inch in diam eter. I t  is cemented by hem atite and on w eathered 
surfaces has the appearance of clinker. The bed contains fossils, 
bu t they seem to be rew orked from  older s tra ta . Locally, the  
gypsum  is underlain by shales of Pennsylvanian age (p l. 14B).
The gypsum  is overlain in  places by unevenly bedded red, 
g ray, and green calcareous sandy shales and fine-grained cal- 
careous sandstones (p l. 15B ). The beds a re  poorly consolidated 
and individual shale beds a re  particu larly  lenticular. On 
w eathered surfaces th e  shales have crum bled into a  m ass of 
sandy, silty clay. Some o f the fine-grained sandstones in the 
upper p a r t  o f the  section a re  m ore persis ten t and durable. Al- 
though the s tra ta  a re  variable from  place to place, the following 
detailed description of the beds above the gypsum  is presented 
to show the various lithologies th a t occur. The exposure de- 
scribed is located on the left bank of Soldier Creek in Snell P a rk  
in the northern  p a r t of F o r t Dodge.
E x p o s u r e  o f  th e  F o r t  D od g e  fo r m a tio n  in  S n e ll  P a r k  i n  th e  
N E ¼ S E ¼ S W ¼  sec. 17, T . 89 N ., R . 28  W .
B e d D e sc r ip tio n   Thic k n e s s  
(f e e t)
 Pleistocene s y s te m : 
  Und if fe re n tia te d  b e d s :
11. T ill, bu ff, u n le a c h e d  11
Permia n  ( ? )  sy s te m : 
  For t  D od g e  fo rm a tio n :
10. S h a le , re d  a n d  som e lig h t-g re e n , v e ry  ca lca reo u s , 
s o f t ,  s l ig h tly  sa n d y , w ith  d o u b ly  te rm in a te d  
q u a r tz  c ry s ta ls 5
9. S a n d s to n e , p in k , v e ry  fin e -g ra in ed , a n g u la r ,  so f t, 
v e ry  c a lc a re o u s ; c o n ta in s  a  few  c o a rse, ro u n d e d  
q u a r tz  g r a in s  a n d  o ccasio n a l p in k  a n d  g ra y  c h e r t  
f r a g m e n ts  3
8. S h a le , b r ig h t  r e d  a n d  p a le -re d  w ith  g re e n  len ses  
a n d  b lo tch es, s o f t ;  lo w e r p a r t  c a lc a re o u s ; u p p e r  
p a le -re d  sh a le s  a r e  n o n c a lc a re o u s ; th in , le n tic u - 
la r  beds o f  c a lc ite  c o n ta in  d o ub ly  te rm in a te d  
q u a r tz  c ry s ta ls 3
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The shales and sandstones of the  F o rt Dodge form ation  have 
been assigned to  o ther form ations in some places w here the  
gypsum  is absent o r no t exposed. Most often they have been 
confused w ith  the shales of the  Ste. Genevieve limestone, which 
a re  also predom inantly red and green and a re  calcareous. There 
are  several differences in the lithology of the  tw o form ations, 
however. The shales of the  Ste. Genevieve are  a  darker red and 
green and m ore unctuous than  those of th e  F o rt Dodge fo rm a- 
tion. The sands, silts, and doubly term inated  quartz  crystals 
th a t  commonly occur in the  F o r t Dodge beds w ere nowhere ob- 
served in the Ste. Genevieve. The shale containing th e  rounded 
lim estone pellets as described in bed 3 of the p a rk  section seems 
to  be restric ted  to the  F o r t  Dodge form ation. The shales be- 
longing to  the  Desmoinesian th a t  commonly underlie the F o rt 
Dodge form ation a re  generally very dark , lam inated, and car- 
bonaceous. Locally they  m ay be b rig h t red and green and con- 
ta in  th in  partings  of gypsum  w here they underlie the  gypsum, 
b u t they a re  rare ly  calcareous.
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7. S h a le , p a s te l- re d  w ith  som e g re e n  len ses , so f t , 
s l ig h tly  s ilty , c a lc a reo u s . T h e re  is  a  1 -in ch  b ed  
o f  c a lc ite  c o n ta in in g  d o u b ly  te rm in a te d  q u a r tz  
c ry s ta ls  a b o u t 1 fo o t  f ro m  th e  b a s e 8.5
6. S a n d s to n e , p a le  g ra y -p in k , v e ry  f in e -g ra in e d , so f t , 
a rg illa c e o u s , c a lc a reo u s  2.5
5. S h a le , re d , so f t, s ilty , c a lc a reo u s , a n d  so m e  flak es  
o f  m i c a 4
4. S h a le , o liv e -g ra y  n e a r  b a se  to  g ra y -g re e n  in  u p p e r  
p a r t ,  so f t , s i l ty , c a lc a reo u s  2.5
3. S a n d s to n e  o r  sh a le , r e d  to  p in k , h a r d  to  so f t, c a l- 
c a re o u s . C lay , w ith  in c lu s io n s  o f  su b ro u n d e d  
c o u rse  lim esto n e  g ra in s ,  p re d o m in a te s  in  p laces. 
R o u g h ly  10 p e rc e n t  o f  lim e s to n e  g r a in s  a r e  
w o rn  fu su lin id  a n d  o th e r  fo ss il f r a g m e n ts .  T h e se  
sm a ll lim e s to n e  p e lle ts  m a k e  u p  b u lk  o f  ro c k  in  
p laces . O ccasio n a l f r a g m e n ts  o f  g ra y -b ro w n  
c h e r t ,  b r ig h t-o ra n g e  q u a r tz , a n d  c o a rse  ro u n d e d  
s a n d  g r a in s 4 .5
2. S h a le , g r a y ,  b u ff, s o f t ,  v e ry  c a lc a re o u s ; c o n ta in s  
d ru s e s  a n d  g r a y  w a te ry  c h e r t  n o d u le s  0.8
1. G y p su m , g ra y -w h ite , m ass iv e , b a n d e d , h e a v ily  b ed - 
d ed . T o  w a te r  level in  S o ld ie r  C r e e k
(A lti tu d e  o f  w a te r  level a b o u t 1,025 f e e t)
8
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P LATE 13.— E XPOSURE OF THE BASAL CONGLOMERATE  OF THE F ORT DODGE 
FORMATION IN  N W ¼ SEC. 7, T. 88 N., R. 28 W .: A, BASAL CONGLOMERATE 
OVERLAIN BY GYPSUM AND UNDERLAIN BY SHALES OF P ENNSYLVANIAN AGE;
B, CLOSEUP VIEW SHOWING TEXTURE OF THE BASAL CONGLOMERATE OF THE
F ORT DODGE FORMATION. (P h o to g rap h s  by R. M. Jeffo rds.)
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D istribution and thickness. O riginally the  F o rt Dodge fo r- 
m ation m ay have been continuous over a fa ir ly  large a rea  in 
Iowa, bu t i t  is now known only in W ebster County. H ere the 
form ation occurs in small to very large patches in the  northern  
two-fifths of the  county. F igure  25 shows its  in ferred  d istribu - 
tion as determ ined from  outcrops and well data.
Figure 25.—Map of Webster County showing the distribution of the Fort 
Dodge formation and the general configuration and altitude, with reference 
to mean sea level, of its base.
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Exposures occur locally in  bluffs along th e  Des Moines R iver 
and in small tr ib u ta ry  ravines northw ard  from  the northern  
p a rt of sec. 8, T. 88 N., R. 28 W., to  F o r t Dodge. Exposures also 
occur along the valley walls of some o f the larger trib u ta rie s  of 
the Des Moines R iver. In  Gypsum Creek, south of F o r t Dodge, 
exposures of the F o rt Dodge form ation occur a t  in tervals fo r 
about a  mile above the  m outh of the creek. Some of the  thickest 
sections a re  exposed along Soldier Creek, the las t exposure ob- 
served along th is  stream  being about 2 miles from  its  mouth, in 
the S E ¼ N E ¼  sec. 17, T. 89 N., R. 28 W. Along Lizard Creek, 
the  F o r t Dodge form ation was well exposed form erly in clay 
p its  (p l. 14A), which w ere operated on either side of the 
stream  n ear its m outh. M any of the exposures along the stream s 
cited have been described by Keyes (1895, p. 268-284), W ilder 
(1902, p. 99-102), and Lees (1924, p. 113-118). L ater, W ilder 
(1923, p. 137-156, 168-170) reviewed the  descriptions given in 
previous publications.
The exposures of sandstone and red and green sandy shale 
th a t  occur along South L izard Creek in secs. 23 and 26, T. 89 N., 
R. 29 W., and along L izard Creek and small trib u ta rie s  in sec. 
8, T. 89 N., R. 29 W., w ere originally  correlated w ith the F o rt 
Dodge form ation  by Keyes (1895, p. 279) and W ilder (1902, p. 
103). L ater, Lees (1918, p. 601, 602) assigned these shales and 
sandstones to the Ste. Genevieve limestone, as did W ilder (1923, 
p. 166). These exposures were re-examined in some detail during  
the  p resen t investigation.
In the left bank of South L izard Creek about 500 feet upstream  
from  the  scarp  of St. Louis limestone, S E ¼ S E ¼ SW ¼  s e c. 
23, T. 89 N., R 29 W., the  following section is exposed a t  low- 
w ater level:
B e d D e sc r ip tio n   Thic k n e s s  
( f e e t)
 Permia n  ( ? )  s y s te m :
  For t  D od g e  f o rm a tio n :
4. S h a le , g r a y  a n d  re d , s ilty , c a lc a r e o u s 2
3. S h a le  o r  sa n d s to n e , r e d , c a lc a reo u s , so f t. C lay  
is  re d , s ilty , c a lc a reo u s . S a n d  com posed  o f  su b - 
ro u n d e d , c o a rse  lim e s to n e  g ra in s , com posed  in  
p a r t  o f  fo ss il f r a g m e n ts  3
2. S h a le , c layey , re d , c a lca reo u s , c o n ta in in g  a  fe w  lim e- 
s to n e  p e lle ts  a n d  sa n d  g r a in s 2
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A bout 500 fee t f a r th e r  upstream , a t  a  sharp  bend in the 
stream , red and green shales a re  exposed in  a  bluff from  stream  
level to  a  height of about 19 feet. These shales a re  calcareous 
in  places and contain lenses of calcite w ith  doubly term inated  
quartz  crystals. The shales a re  overlain by 6 fee t of calcareous 
fine-grained buff sandstone. On top of th e  sandstones are  about 
12 fee t of red  calcareous clay shale. A round the  bend and up- 
stream  fo r an  additional 700 feet, red and green silty  calcar- 
eous shales a re  exposed along the  le f t bank fo r a  few  fee t above 
the  stream  bed. The lithology of th is  group of exposures is 
sim ilar to  the  section of the F o r t  Dodge form ation a t  Snell 
P a rk  in th e  no rth  p a r t  of F o r t Dodge, and fo r  th is  reason the 
beds are  reassigned to the F o r t  Dodge form ation.
The exposures on L izard Creek in  the  S E ¼  sec. 8, T. 89 N., 
R. 29 W., and on the  small tr ib u ta ry  stream  m eandering no rth - 
w ard  th rough  the  center of section 8 have a  lithology sim ilar 
to  the  beds exposed on South L izard Creek and  the  s tra ta  a t  the  
park . F urtherm ore, in  the  SE  cor. sec. 8, T. 89 N., R. 29 W., 
black shales of the Pennsylvanian system  can be seen a t  low- 
w a te r stages o f L izard Creek beneath the  red  and green cal- 
careous shales containing lim estone pellets n ea r the  base. This 
group of exposures is reassigned also to the  F o r t  Dodge fo r- 
m ation.
The gypsum  reaches a  maximum  known thickness of about 
30 fee t in  the  vicinity of the p resen t open quarries of th e  gyp- 
sum  companies. I t  is m uch th inner over m ost of the  a re a  be­
cause of preglacial erosion and solution and  in p a r t  because the  
deposit seems to  th in  radially  from  th is center. The red  shale 
and  sandstone th a t  overlie the  gypsum  extend beyond th e  gyp- 
sum  s tra ta  to  the  w est and north . The m axim um  observed 
thickness of the clay shales, nearly  50 feet, w as observed along 
the r ig h t bank of Soldier Creek in  the  N E ¼ N W ¼ SE¼  sec. 19, 
T. 89 N., R. 28 W., near the  no rth  end of th e  h igh  bridge on S tate  
H ighw ay 5 in  the  northw estern  p a r t  of F o r t  Dodge. The con- 
glom erate below the  gypsum  has no t been observed to  exceed a 
thickness of 3 feet.
A ge and correlation. Pleistocene glacial deposits a re  the  only 
s tra ta  known to overlie the  F o r t  Dodge form ation. The relation
1. S h a le , g ra y , g re e n , s ilty , m icaceo u s, v e ry  s lig h tly  
c a lc a reo u s , to  w a te r  l e v e l
(A lt i tu d e  o f  w a te r  level a b o u t 1 ,005 f e e t)
2
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P l a t e  14.— A , V IEW OF A QUARRY IN N W ¼ N E ¼  sec . 8, T . 88 N., R. 28 W. 
SA N D  A N D  GRAVEL IS BEING STRIPPED IN BACKGROUND. GYPSUM HAS BEEN 
REMOVED, FORMING THE BENCH ABOVE SHALE BEDS OF PENNSYLVANIAN AGE. 
T H E  SHALES PROVIDE RAW MATERIAL FOR MANUFACTURE OF CLAY PRODUCTS; 
B . CONTACT OF GYPSUM F ORT DODGE  FORMATION WITH U N D E R L Y I N G  
S H A L E  OF P ENNSYLVANI N SYSTEM IN A QUARRY IN THE S W ¼ N W ¼ SEC. 6, T . 88 N., 
R. 28 W. ( P h o to g rap h s by R. M. Je ffo rd s) .
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of Cretaceous deposits to the F o rt Dodge is no t definitely known. 
In  the w estern p a rt of the county, Cretaceous deposits res t on 
silty  g ray  and green clays in places, bu t the age of the la tte r  
s tra ta  is not known. They m ay be a  p a r t  of the  F o rt Dodge or 
Desmoinesian series of rocks.
The F o rt Dodge form ation res ts  unconform ably m ostly on 
the  grayish  black shales and g ray  to orange sandstones of the 
Desmoinesian series of rocks and, in  places, on the  Ste. Gene- 
vieve limestone. I t  probably rests  on the  St. Louis lim estone in 
still o ther places.
Much has been w ritten  regard ing  the  age of the  F o r t  Dodge 
form ation. Keyes (1895, p. 290) regards th e  gypsum  and as- 
sociated red shales as  Cretaceus in  age, probably laid down dur- 
ing  the la tte r  p a r t  of the  N iobrara  epoch. W ilder (1923, p. 171- 
173) stated , in his final w ork on the  gypsum, th a t  the  F o rt 
Dodge form ation appears to  be m ore closely related  to  the 
Perm ian  beds of K ansas than  to  any younger or older rocks, an 
opinion he had sta ted  alm ost 20 years previously. Fusulinids 
collected from  the  F o rt Dodge form ation  seem to  be of late  
Pennsylvanian age, and Moore and others (1944, p. 692) suggest 
on th is  evidence th a t the form ation is of m id-V irgilian age. The 
fusulinids observed in th e  form ation  a re  badly w orn from  
transpo rta tion  and m ay therefore  be rew orked from  older beds.
W ater supply. The sandstones in  the upper p a r t  of the  fo r- 
m ation commonly contain a  little  w ater, b u t only one well (89- 
29-31F1) is known to have been finished in  them  and i t  obtained 
a  very  ha rd  w ater (analysis, p. 78). The reported yield from  
th is  well is 5 gallons a m inute w ith  a  15-foot drawdown, ade- 
quate fo r a  farm  supply. The calcareous shales in the  form ation 
a re  effective b a rr ie rs  to  the  dow nw ard movement of w ater in 
the  area of th e ir  occurrence.
CRETACEOUS SYSTEM
Keyes (1895, p. 290) in  his rep o rt on the  gypsum  in W ebster 
County in fe rs  th a t  the gypsum  and associated deposits a re  of 
Cretaceous age and were laid down during  the  la tte r  p a rt  of 
the  N iobrara  epoch. L ater, W ilder (1902, p. 111-116), in his 
rep o rt on the geology of W ebster County, favors a  Perm ian  age 
fo r the gypsum  and associated red  beds. None of the  o ther s tra ta  
he described were assigned to  the  Cretaceous system . H is geo­
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logic m ap (1902, p. 191) of the  county in fers m ost of the  upland 
to  be underlain  by rocks of Pennsylvanian age.
The closest to W ebster County w here exposures of rocks of 
Cretaceous age have been reported  in the  lite ra tu re  is southw est­
e rn  Calhoun County; th is  locality is described briefly by St. 
John (1870, p. 149). L ater, B alster (1950) in  his report of the  
geology of Calhoun County traces deposits of in ferred  Cretaceous 
age, in the  subsurface, to  the  eastern  border of th e  county.
Along L izard Creek in  W ebster County a re  exposures of sand­
stones and sand and gravel, heretofore described, which have 
lithologic characteristics sim ilar to some of the  s tra ta  of the  
Dakota form ation fa r th e r  w est in  the  sta te . Also, in  a  few  
wells in  the  w estern p a r t  of W ebster County, b u t east of the  
Manson area, sim ilar s tra ta  have been encountered. In  the  M an- 
son a rea  the  upper indurated  rocks a re  ten tatively  assigned to  
the  Carlisle shale.
Dakota (? ) Sandstone
Character. S tra ta  of in fe rred  Cretaceous age in  W ebster 
County and east of M anson, Calhoun County, a re  m ostly sand­
stones and sand and gravel. The sands and gravels are  com­
posed p rim arily  of quartz  and chert. The larger sand g rains and 
pebbles have a  h igh polish characteristic  of the  pebbles in the  
Cretaceous fa r th e r  west. F urtherm ore , there  a re  m any pink 
quartz  and small black chert sand g rains in  the  sands and gravels 
which a re  also characteristic  of the sands and gravels of the 
Dakota (?) sandstone to  the west. Some of the associated brow n 
noncalcareous clays contain m any polished pebbles. The g ray  
clays contain considerable carbonaceous m aterial. The sand­
stones a re  p rim arily  a  fa irly  uniform  m edium -grained angu lar 
quartz  sand, containing some pink and black sand g rains and, 
in places, a  scattering  of polished pebbles. In  outcrop the  sand­
stones a re  stained an  orange brow n and appear to be massive 
in some places while a t  o ther localities the sand is distinctly 
cross bedded.
D istribution and thickness. The only exposures of Cretaceous 
age observed in the county a re  along L izard Creek (pl. 15A). 
The m ost easterly  exposure is along the  r ig h t bank of the  stream  
about 0.2 mile no rth  of S tate  H ighw ay 5 and about 1.5 miles w est 
of F o r t Dodge in  the NW ¼ SW ¼ S E ¼  sec. 14, T. 89 N., R. 29 W. 
H ere about 14.5 fee t of Cretaceous s tra ta  is exposed, as fo llow s:
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P LATE 15.— A , E XPOSURE OF SANDSTONE OF CRETACEOUS AGE ALONG THE LEFT 
BANK OF L IZARD CREEK IN THE CENTER S ½ SEC. 12, T . 89 N ., R. 30 W .; 
B , E XPOSURE OF CALCAREOUS SANDSTONE OF THE F ORT DO D G E  
F O R M A T I O N  I N  THE S W ¼ N E ¼ SEC. 8, T. 89 N., R. 29 W.
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S e c tio n  o n  r ig h t  b a n k  o f  L iz a r d  C reek  
N W ¼ S W ¼ S E ¼  sec. 14 , T . 89 N ., R . 29  W . 
The next exposure observed is about 4.5 miles upstream  in 
the  N E ¼ S E ¼ S E ¼  sec. 7, T. 89 N., R. 29 W. H ere sand and 
gravel w ith  polished pebbles and brow n clay w ith  polished 
pebbles re s t on s tr a ta  of undeterm ined age as follow s:
S e c tio n  a lo n g  l e f t  b a n k  o f  L iz a r d  C reek  
N E ¼ S E ¼ S E ¼  sec . 7 , T . 89 N .,  R . 29 W .
B e d D e sc r ip tio n   Thi c k n e ss  (
f e e t)
 Pleisto cen e :
 Un d if fe re n tia te d  b e d s :
8. S a n d  a n d  g ra v e l, bu ffish -b row n , ox id ized  a n d  
leach ed , c o n ta in in g  b o u ld e rs  o f  h ig h ly  w e a th e re d  
g ra n i te .  T o  level o f  t e r r a c e 1.0
7. T ill, g ra y ish -b ro w n , o x id ized  a n d  leached , c o n ta in - 
in g  som e h ig h ly  w e a th e re d  g r a n i te  b o u ld e r s 4.0
 Cretaceous sy s te m : 
 Da k o ta  ( ? )  s a n d s to n e :
6. C lay, b ro w n , s ilty , n o n c a lc a reo u s , c o n ta in in g  som e 
q u a r tz  s a n d  a n d  so m e p o lish ed  p e b b le s 2.5
5. S a n d  a n d  g ra v e l, c re a m ish -b u ff , c lean , c o n ta in in g  
m a n y  sm a ll p in k  q u a r tz  a n d  b ro w n  to  b la c k  c h e r t  
g r a in s ,  a n d  su b ro u n d e d , h ig h ly  p o lish ed  p ebb les 7.0
4. S a n d , co a rse , m o s tly  c le a r  q u a r tz , som e p in k ;  con- 
ta in s  m a n y  la rg e  a n g u la r  t o  su b ro u n d e d , w ell- 
p o lish ed  s iliceo u s  peb b les  1.5
3. S a n d , co a rse , q u a r tz , c le a r , som e p i n k 1.7
2. C lay , g ra y , n o n c a lc a reo u s , c o n ta in in g  v e ry  la rg e , 
a n g u la r , h ig h ly  p o lish ed  s iliceous p e b b le s 0.3
1. S a n d  a n d  g ra v e l, bu ffish -cream , c lean , c o n ta in in g  
p o lish ed  s iliceous p ebb les. T o  w a te r  l e v e l
(A p p ro x im a te  a l t i tu d e  o f  w a te r  leve l 1,005 f e e t )
1.5
B e d D e sc r ip tio n   Thic kn ess  
( f e e t)
 Cretaceous sy s te m : 
  Dak o ta  ( ? )  s a n d s to n e :
7. S a n d  a n d  g ra v e l, w ith  so m e  t a n  c la y ;  s a n d  m o stly  
q u a r tz .  P e b b le s  a r e  su b ro u n d e d , h ig h ly  p o lish ed , 
 s iliceo u s 2
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U pstream  around a  sharp  bend, in the SW ¼ S E ¼ S E ¼  sec. 
7, the brown clay of bed 6 in th e  above-described section grades 
into an ironstone containing polished pebbles and m ay repre- 
sen t th e  basal beds of the  Cretaceous deposits. Continuing up- 
stream  about a  q u a rte r  of a  m ile to  the  N E ¼ S E ¼ SW ¼  sec. 
7, coarse sand and gravel w ith m any polished pebbles is in ter- 
bedded w ith  g ray  som ew hat silty  clay containing much fra g - 
m ental carbonaceous m aterial. These beds a re  overlain by iron- 
stained m edium -grained m assive sandstone. This particu lar 
exposure is in a  small gully heading northw ard  from  Lizard 
Creek fo r a  distance of 300 to  400 fee t from  the m ain stream . 
F a r th e r  upstream , the  iron-stained sandstone is exposed alm ost 
continuously along th e  banks of th e  stream  for a  distance of 
about 1.5 miles, to the  N E ¼ N W ¼ S W ¼  sec. 12, T. 89 N., R. 
29 W. In  places the sandstone stands in bluffs ris ing  m ore th an  
20 fee t above the stream . The sandstone appears m assive in  
m ost of the exposures bu t is distinctly crossbedded a t  other 
places. Only a  few polished pebbles were observed in the  sand- 
stone.
Cretaceous-type sands w ere encountered in  some wells no rth  
of L izard Creek, apparently  occurring as cavern filling in  the  
St. Louis lim estone and older rocks. South of L izard Creek, a
6. C lay, b ro w n , n o n c a lc a reo u s , c o n ta in in g  s a n d  a n d  
su b ro u n d e d , h ig h ly  p o lished , s iliceo u s pebb les 3
 Penns y lv a n ia n  sy s te m  (? ) : 
  De sm o in e s ia n  s e r ie s  (? ) : 
 U n d if fe re n tia te d  b e d s :
5.  S h a le , v iv id  p e a -g re en , s ilty , g r a d in g  d o w n w a rd  in to  
g re e n is h -g ra y  sh a le  9
4. S a n d s to n e , g ra y , f in e -g ra in e d , v e ry  h a r d ,  h ig h ly  ca l- 
c a re o u s , w ith  sm a ll f r a g m e n ts  o f  g ra y is h -b ro w n  
c h e r t  a n d  sa n d s to n e , g ra y , c o a rse -g ra in e d , ca l- 
c a reo u s , w e a th e r in g  in to  b ro w n  p ea -size  p e lle ts  5
3. S h a le , g r a y  to  g ra y -g re e n , so f t, s ilty , s l ig h tly  ca l- 
c a re o u s  in  p laces 5
2. M a rl, v e ry  san d y , v e ry  fine g ra in e d , h a r d  w ith  sm all 
p ieces  o f  p y r i te  r e s t in g  u n ev en ly  on  b e d  1 n e a r  
w a te r  level 2
1. S h a le , g ra y , n o n c a lc a reo u s , s ilty , ex p o sed  n e a r  
w a te r  level
(A lt i tu d e  o f  w a te r  level a b o u t 1,070 f e e t )
0-1
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well located near T a ra  in the  N W ¼ SW ¼ SW ¼  sec. 20, T. 89 
N., R. 29 W., penetrates 30 fee t of sand and gravel and dark- 
to  light-gray shale beneath 125 fee t of glacial deposits. M ost of 
the  pebbles of the  gravel a re  polished. F a r th e r  south, in  th e  
vicinity o f M oorland, a  few  wells penetrate  sand and gravel 
w ith associated brow n noncalcareous clay, all containing polished 
pebbles and free  of Pleistocene sands and gravels.
The th ickest section of rocks in W ebster County assigned to 
the Dakota (?) sandstone, except in the M anson area, occurs 
a t  a well in the S E ¼  sec. 24, T. 88 N., R. 30 W., where 38 feet 
of sand and gravel w ith brown clay underlies the d rift.
The s tra ta  assigned to the Dakota (?) sandstone probably 
occur as scattered  patches in the w est-central p a r t  of the county, 
and in ferred  distribution of two such patches is shown on the 
geologic m ap (pl. 1 ). About 2 miles no rth  of W ebster County 
near the  m outh of Indian Creek, which en ters the  Des Moines 
R iver from  the west, sands and gravels containing m any polished 
pebbles a re  exposed. These deposits also seem to be a  p a r t  of 
the  Dakota (?) sandstone.
A ge and correlation. No fossils w ere observed in  the sand- 
stone and sand and gravel, bu t the presence of highly polished 
pebbles together w ith  the  pink quartz  and occasional black sand 
g rains and the lack of igneous o r lim estone pebbles make them  
very sim ilar lithologically to  sandstone and conglom erates p res- 
en t in  th e  lower p a r t  of the D akota form ation in  the  w estern 
p a rt of the  State. The g ray  clay associated w ith the sand and 
gravel in places contains fragm ents of plants, bu t these a re  too 
small fo r identification.
The D akota (?) form ation rests  on rocks of Pennsylvanian age. 
A t p resen t no exposure or well sections show positively the rela- 
tionship of the F o rt Dodge form ation to the Dakota (?) sandstone. 
There is a  possibility th a t  the  exposed silty shales, calcareous 
sandstones, and m arl underlying Cretaceous sands and gravels 
in sec. 7, T. 89 N., R. 30 W., may be a phase of the  F o r t  Dodge 
form ation. Inasm uch as the correlation is no t positive a t  present, 
these s tr a ta  are  r etained in the  undifferentiated Pennsylvanian 
s tra ta  of the  county.
Undifferentiated Beds 
(Rocks of the Manson Area)
Character. Rocks of Cretaceous age have been preserved by 
dow n-faulting in th e  M anson volcanic basin. Logs of two wells 
drilled a t  M anson, Calhoun County, a re  given by N orton (1912,
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p. 1016-1017; 1828, p. 246-248), who discusses the g rea t diver- 
gence of the  rocks penetrated  from  the norm al sequence in the 
general a rea . The log of well 2, g reatly  generalized from  N or- 
ton’s description (1928), shows drab  shales w ith  some lime- 
stones below the  d r if t  from  a  depth o f 200 fee t to  approxim ately 
540 feet. F rom  540 fee t to  the bottom  of th e  well, d rab  and red  
shales a lternated  w ith  increasingly arkosic sandstones. N orton 
(1928, p. 250) suggests the possible existence of a deep erosional 
channel, the  lower p a r t  of which had been filled w ith sedim ents 
of continental origin and the rem ainder filled w ith m arine sedi- 
m ents of Pennsylvanian o r Cretaceous age.
M ore recently, several sam ple sets of well cu ttings from  the  
locality have b e tte r defined the  area, and its  in ferred  lim its a re  
shown on figure 26. The p resent control suggests a  basin whose 
length in  a  general northeastw ard  direction is about 25 miles 
and whose w idth is roughly 18 miles.
N ear the  center of the  basin, m icrocline feldspar rock o r ser- 
pentinized basaltic tu ff is encountered a t  a  depth of about 100 
feet. Wells aw ay from  th is  cen ter encounter like m ateria l a t 
increasing depths, b u t several wells, which have been drilled in 
the  a rea  aw ay from  the  central core, have failed to  reach the 
crystalline m aterial. These wells, one of which a tta in s  a  depth 
of 1,532 feet, have encountered shale and sandstone and a m inor 
am ount of dolomite and siderite.
In  W ebster County, well 90-30-4E1 w as drilled to  a  depth of 
1,105 feet, penetrating  a  predom inantly  shale section below the 
d r if t  to  a  depth of 850 feet. F rom  850 to  1,000 feet, sandstone 
was the  principal rock encountered. From  1,000 to  1,105 feet, 
g ray  and very black carbonaceous shales and lignite w ere pene- 
tra ted . O ther wells drilled in  th is  area , which range in depth 
from  165 to  710 feet, have been finished in sandstone. Logs of 
the wells drilled in  th is  sequence of rocks in  W ebster County 
fo r  which the  Survey has samples a re  given in  the  section on 
well logs.
D istribution and thickness. The a rea  underlain  by the  ab- 
norm al s tra ta  is shown on figure 26. They a re  known to crop 
out only in the  N E ¼ N E ¼ S E ¼  sec. 11, T. 89 N., R. 30 W. The 
beds com prising th is  sequence o f rocks extend in places to  a 
depth  of a t  least 1,500 fee t in  Calhoun County and to  a  depth 
of a t  least 1,100 fee t in  W ebster County.
A ge and correlation. The upper p a r t  of the  section consists 
of Cretaceous sandstone and shale. In  well 90-30-35P1 Ino-
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Figure 26.—Map of parts of Calhoun, Humboldt, Pocahontas, and Webster 
Countiesshowing the area occupied by the abnormal sequence of rocks in 
the vicinity ofManson, Calhoun County. Solid circles represent wells th a t 
encounter a normal Paleozoi  section; open circles represent wells th a t 
encounter no Paleozoic rocks a t  equivalent depths.
ceramus fragm en ts occur in  lim estone and shale cu ttings be- 
tween depths of 250 and 500 feet, suggesting th a t  these s tra ta  
m ay include the  G reenhorn limestone. The overlying shales 
m ay belong to  the  Carlisle shale. L ignite, which is suggestive 
of the  D akota sandstone, w as encountered in  th is  well between 
depths o f 500 and 650 feet. Also, in  the lower p a r t  of the  section 
a t  th is  site, siderite  pellets, which a re  characteristic  of the 
D akota sandstone in  o ther p a rts  of the  State, a re  p resen t in 
the  shale between depths o f 570 and 655 feet.
L ignite w as penetrated  n ea r the bottom  of well 90-30-4E1, a t
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a  depth of 1,065 feet. Inoceramus fragm en ts and siderite  pel- 
lets were encountered a t  h igher elevations in  the  well.
The fish scales found in the shale exposure in the N E ¼ N E ¼  
S E ¼  sec. 11, T . 89 N., R. 30 W., a re  no older th an  th e  Mesozoic 
era, according to M. A. Stainbrook (oral com m unication). The 
poorly preserved cephalopods in the same exposure a re  sug- 
gestive of the  Cretaceous, according to  A. K. M iller (oral com- 
m unication) .
D ata  a re  insufficient a t  present to correlate the rocks in the 
lower p a r t  of the  section because o f the in tensity  of the  fau lting  
and brecciation, bu t it  seems likely th a t  they a re  Pennsylvanian 
in age.
W ater supply. A few  successful wells, rang ing  in depth from  
165 to 710 feet, have been finished in the  sandstones of th is  
sequence of rocks in  W ebster County. The shallower wells a re  
n ear the no rtheastern  rim  of the basin.
A supply of 10 gallons a  m inute was obtained from  well 89- 
30-2Q1 from  sandstone a t  a  depth of 610 feet, the reported  d raw - 
down being 7 fe e t ; a yield of 28 gallons a  m inute was obtained 
from  well 90-30-35Q1 (about 1 mile north  of 89-30-2Q1) from  
sandstone a t  a  depth of 710 feet, the  reported draw down being 
32 feet. F a r th e r  north  a t  Clare, 14 gallons a m inute was de- 
veloped from  sandstone a t  a depth of 180 feet. In  these three 
wells the s ta tic  w ater level was approxim ately 1,100 feet above 
sea level or about 50 fee t below the  general land surface. There 
a re  places in the area, however, where the sandstones a re  too 
th in , silty, o r cemented to  yield an ample supply of w ater. Well 
90-30-4E1, drilled to  a  depth of 1,100 feet, developed a  supply of 
only 2 gallons a m inute w ith a large d raw dow n; sandstones en- 
countered in the well closer to  the surface did yield some w ater, 
which failed to  clear on development.
I t  appears th a t the  rocks in the  s truc tu ra l basin a re  generally 
too tigh tly  cemented to  yield w ater. An occasional frac tu re  may 
still be uncemented, and if  it has access to recharge a successful 
well may be obtained. Wells in the central igneous a rea  w est of 
W ebster County have been m ore productive, bu t possibilities of 
developing supplies by deep wells do not appear good.
The w a te r developed from  the  sandstones a t  depths of less 
th an  800 feet in th is locality is hard  and generally has a  high 
iron content. M ineral analyses of w ater from  wells 89-30-2Q1, 
90-30-3A1, 15N1, and 35Q1, which develop th e ir  supply from  
the sandstones, a re  given in  table 9. None of the  w ater is of the
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sodium chloride and su lfate type such as th a t  pumped from  the 
deep wells a t  Manson, which has a hardness of only about 70 
p a rts  per million, a  fluoride content of 4, and a pH value of 8.5. 
P etrograph ic  studies of the  rocks in the  M anson a rea  may show 
the  presence of zeolites, which could account fo r the softness 
of the M anson supp ly ; glauconite, which also has w ater-soften- 
ing properties and has been seen in some of the s tra ta , could 
cause it.
PLE IST O C E N E SYSTEM
The yellow, buff, brown, and gray  unstratified pebbly clays 
th a t alm ost everyw here m antle the  consolidated rocks in Iowa 
a re  the deposits left as a resu lt of the  m elting of continental 
glaciers which invaded th is a rea  from  tim e to tim e during  the 
Pleistocene period. In  addition to  these unstratified pebbly clays, 
called tills, the  m elt w aters from  the glaciers carried  away large 
am ounts of sand, gravel, silt, and clay and deposited them  in 
valleys as stratified d r if t  form ing valley tra ins. The name 
assigned to a till is applied also to the related stratified  d r if t 
and to the associated continental glacier. Wind-blown silts, 
o rig inating  from  the  silts in the  valley tra ins, accum ulated on 
the  surface during  glacial tim es to form  deposits known as loess. 
D uring interglacial tim e, the tills and stratified d r if t  were al- 
tered  by w eathering  and in  p a r t  removed by erosion, the extent 
depending largely upon the  length of tim e between ice invasions. 
The eroded m aterials form ed deposits of clay, silt, sand, and 
gravel in places.
The geology of the  glacial and interglacial deposits of Iowa 
has been sum m arized in two principal papers. One, by Kay and 
Apfel (1929, p. 1-304), p resents the  resu lts of intensive field 
investigations w ith special reference to the pre-Illinoian glacial 
and interglacial deposits of Iow a; the  second, by Kay and 
G raham  (1943, p. 1-262), discusses the  Illinoian and post- 
Illinoian glacial and interglacial deposits of Iowa. M ore recent 
studies in  northw estern  Iowa by Sm ith and Riecken (1947, p. 
706-713) and Ruhe (1950) have resulted in a  reclassification 
and rem apping of the  d r if t  sheets in th a t  area.
The p resent classification of the  Pleistocene system  of Iowa 
used by the Iowa Geological Survey is presented in table 10. All 
the glacial and interglacial stages m ay be represented in places 
in W ebster County by till, loess, o r  stratified deposits. The 
Illinoian till is probably absent, as i t  is known to occur only in
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a  p a r t  of eastern  Iowa, b u t loess and o ther deposits of equivalent 
age a re  though t to  have been deposited in the  county.
Pre-Wisconsin Glacial and Interglacial Deposits
Character. The fresh  pre-W isconsin till of th is  a re a  seems 
to  be, in  general, a  brow nish g ray  as com pared w ith  th e  ligh t 
g ray  of the W isconsin tills. F urtherm ore , i t  seems som ew hat 
less calcareous and m ore silty  th an  the  younger tills. The K ansan 
till a t  several wells is oxidized to  a  yellow orange fo r  a  thickness 
of 20 to 30 feet. In  places a  gumbotil-like, oxidized and leached 
g ray  and buff till has been preserved. The N ebraskan till has 
been ten tatively  identified a t  a  few  wells. I ts  charac te r is sim ilar 
to  th a t  o f the  K ansan till. The sands and  gravels underlying 
and overlying these older tills a re  generally heterogeneous in  
composition and calcareous.
A t the H arcourt tow n well (86-29-13C1) and a t  the  F iala  
F a rm  well (88-30-24R1) th in , brow n, noncalcareous s ilt  beds, 
which m ay be Loveland loess, occur above th e  K ansan till.
S ta g e S u b s ta g e
W isco n sin
M a n k a to
C a ry   (T ill  a n d  s tra t if ie d  
T azew ell   d r i f t  a n d  loess) 
Io w a n
S a n g a m o n  (w e a th e r in g  a n d  
e ro s io n , L o v e lan d  loess, f o r - 
m a tio n  o f  I l l in o ia n  g u m - 
b o til)
I llin o ia n  ( t i l l  a n d  s tra tif ie d  
d r i f t ,  L o v e lan d  lo ess)
Y a rm o u th  ( w e a th e r in g  a n d  
e ro s io n , fo rm a tio n  o f  K a n - 
s a n  g u m b o til)
K a n s a n  ( t i l l  a n d  s tra t if ie d  
d r i f t )
A f to n ia n  (w e a th e r in g  a n d  
e ro s io n , fo rm a tio n  o f  N e - 
b r a s k a n  g u m b o til)
N e b ra s k a n  ( t i l l  a n d  s tra tif ie d  
d r i f t )
T a b le  10. C la ss ifica tio n  o f  th e  P le is to c e n e  o f  Io w a
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D istribu tion  and thickness. The K ansan till is generally pre- 
served in the southern p a rt of the county where i t  a tta in s  a 
m aximum  thickness of a t  least 80 feet. In  the  central and no rth - 
e rn  p a rts  of the county, where the bedrock is higher, the  Kansan 
till is th in  or absent. The N ebraskan till seems to  occur as th in  
patches in a  few  places w ithin the county. W here an exposure 
of only one pre-W isconsin till occurs, i t  is difficult to  identify  it  
definitely. A few  exposures of older tills w ere observed along 
the  valley walls and banks of the  Des Moines R iver and Lizard 
Creek (p l. 16A).
In  the valley of L izard Creek 0.2 mile no rth  of S ta te  H ighway 
5 in the  S E ¼  sec. 14, T. 89 N., R. 29 W., a  brow n leached till 
4 feet th ick  overlies sand and gravel of the  Dakota (?) sandstone. 
The till is overlain by a  foot or more of leached sand and gravel 
to  the level of the low terrace. H ere the till may be N ebraskan 
and the  overlying sand and gravel of e ither N ebraskan or Af- 
tonian age. Several miles fa r th e r  upstream  on the  r ig h t bank 
of L izard Creek in the NW¼ N E¼ N E¼  sec. 12, T. 89 N., R. 30 
W., a  g ray  gumbotil about 5 feet thick rests  on D akota (?) sand-
Figure 27.—Profile of the Pleistocene deposits across a part of southern
Webster County.
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Figure 28.—Profile of the Pleistocene deposits along a  north-south line 
from Gowrie to Moorland in the southwestern p a rt of Webster County.
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Figure 29.—Map of Webster County showing the general configuration 
and altitude, with reference to mean sea level, of the bedrock surface.
stone about 20 fee t above w ater. The gum botil is overlain by 
about 4 fee t of leached brown silty  and sandy clay. The re - 
m ainder of the section is m antled. H ere the  gumbotil m ay be 
K ansan and the overlying brow n silty  clay the Loveland loess. 
The gum botil is approxim ately 80 fee t below the  upland, a t  an 
altitude of roughly 1,070 feet.
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In  the southern p a rt of the county, K ansan gum botil was 
found under approxim ately 60 fee t of W isconsin tills  in  the  
NW ¼  sec. 21, T. 86 N., R. 27 W., in a road cu t along the west 
valley wall of the  Des Moines River. The suggested relationship 
of th is exposure to subsurface sections across the  southern  p a r t  
of the county is shown in figure 27. The general position of the 
Kansan till and possible N ebraskan till in the southw estern p a r t 
of the  county is shown in figure 28 as a  cross section extending 
northw ard  from  Gowrie to the  vicinity of Moorland.
The sand and gravel of the Pleistocene of Iowa occur largely 
as fill m aterial in small channels on the various till or bedrock 
surfaces. In  places, however, particu larly  on the bedrock su r- 
face, there  a re  very wide buried channels which may be filled 
to a  considerable depth w ith outw ash sand and gravel. In  the 
eastern  p a r t of W ebster County there  seems to be one o f these 
larger buried channels, which has a general southerly course 
through Duncombe. The Duncombe town well encountered bed- 
rock a t  a  depth of approxim ately 235 fee t and about 190 feet 
below the  h igher bedrock in portions of the  central p a r t  of the 
county. The m ap showing the configuration of bedrock surface 
(fig. 29) suggests the  course of th is  valley in W ebster County. 
The valley is probably pre-Pleistocene in age and is partly  filled 
w ith sand and gravel of pre-W isconsin age and partly  w ith W is- 
consin gravel. A t the Duncombe town well, sand and gravel 
occur a t  depths of 100 through 105, 106 through 185, and 210 
through 235 feet. A t well 88-27-11L1, about 2 miles southeast 
of Duncombe, sand and gravel w ere encountered a t  depths of 10 
through 70 feet, 100 through 145, and 155 through 170 feet, 
the  bottom of the well.
In  the  southw estern p a rt of the  county a t  Gowrie, the town 
well encountered sand and gravel a t  a  depth of 230 through  250 
feet. These beds res t on bedrock and a re  overlain by K ansan 
and possibly N ebraskan till. On the basis of da ta  obtained from  
a  pum ping test, th is sand-and-gravel-filled channel is in ferred  
to have a w idth of about 200 feet.
Wisconsin Glacial and Interglacial Deposits
Character, distribution, and thickness. The tills constitute 
the  bulk of the m ateria l deposited in W ebster County during  
W isconsin tim e. They a re  composed predom inantly of g ray  to  
light-gray calcareous unstratified  pebbly and sandy clay. The 
pebbles in the  tills a re  of limestone, dolomite, shale, and igneous
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rocks. A lteration of these fresh  g ray  tills to  a buff yellow by 
oxidation of the  iron compounds has occurred a t  the top  of 
the  youngest till. A t least one oxidized zone of an  earlier W is- 
consin till has been preserved in places. Leaching of the  upper 
2 to  4 feet of till, including the  present soil, has occurred gen- 
erally over the en tire  county.
The sands and gravels related to the W isconsin tills a re  sim i- 
la r  to  the sand and pebbles found in the till and a re  invariably 
calcareous and mostly iron stained.
The loess, which has developed on the older W isconsin tills 
outside the  county, is poorly developed on the M ankato till. In  
W ebster County no loess w as seen in  exposures and none w as 
identified between the  various tills of the W isconsin stage in well 
cuttings. 
The tills and sands and gravels of the W isconsin stage occur 
over all th e  upland a rea  in the  county and range in  thickness 
from  about 50 fee t in the north  and central p a rts  to  about 130 
fee t in the southern p a r t  of the county.
The upper till, the  M ankato, is in ferred  to  occur everyw here 
over the county. This till sheet extends southw ard into Boone 
County, b u t the no rthern  expression of th e  A ltam ont term inal 
m oraine, m arking  th e  lim its of the M ankato glacier, occurs along 
the southern  boundary of W ebster County. An in term ediate or 
recessional m oraine of the M ankato, known as the  Hum boldt 
m oraine (K ay and Graham , 1943, p. 239), extends through the 
northern  p a rt of W ebster County. In  these term inal and reces- 
sional m orainal belts the M ankato till is probably th icker than  
in the ground-m oraine areas although the m oraine, in p art, m ay 
be the expression of older m orainal belts (Gwynne, 1942).
The thickness of the  individual tills of the  W isconsin stage is 
not known. In  the exposures observed and from  subsurface 
data  only one oxidized zone was found a t  any one site  between 
the W isconsin oxidized zone a t  the surface and the  top of the 
K ansan till. More than  one gravel bed w as found in  some sub- 
surface sections in th is  interval, bu t it  is not known w hether 
these beds separate  till sheets or a re  inclusions w ithin one 
sheet.
Sands and gravels of W isconsin age underlie high terraces 
preserved in places along the Des Moines Valley and Lizard 
Creek (p l. 16B), and a  num ber o f sand and gravel p its have been 
opened in  them . The sands and gravels a re  useful fo r a  num ber 
of purposes, b u t the gravel in places is reported to have too many
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PLATE 16.—A, CONTACT OF GLACIAL DRIFT OF THE PLEISTOCENE AND UNDERLYING SHALE AND SANDSTONE OF THE DAKOTA 
(?) SANDSTONE ALONG RIGHT BANK OF LIZARD CREEK IN THE S E ¼ SEC. 14. T. 89 N., R. 29 W.; B, EXPOSURE OF SILT, 
SAND, AND GRAVEL IN A TERRACE ALONG LIZARD CREEK IN THE SE ¼ SW ¼ SEC. 10, T. 89 N., R. 29 W. WOOD FRAGMENTS 
ARE ABUNDANT IN THE SILT BED AT THIS LOCALITY.
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shale pebbles fo r  use in b e tte r  grades of concrete. D rilling 
indicates th a t  the  m ost persisten t occurrence of sands and 
gravels of W isconsin age is in  the  vicinity of Duncombe.
W ater supply. Several hundred shallow bored wells in  the  
county obtain th e ir  w ater supply from  the  d rif t. In  general, 
the  yield obtained is small, and m any of these wells a re  deepened 
beyond the w ater-bearing  bed to  provide fo r additional storage 
of w ater in  the  well.
In  the  larger buried channels filled w ith  sand and gravel 
m oderate to  large yields can be developed, a t  least initially. In  
places w here the  channels a re  narrow  the  ra te  of decline of 
w ater levels m ight prohibit continued pum ping from  th e  aquifer 
a t  high ra tes, fo r, although the  sand and gravel m ight have a  high 
perm eability, m ost of the  channels in th e  d r if t  a re  believed to  be 
small and hence incapable of supporting  large producing wells. 
This m ay be the situation  a t  Gowrie, as  described on pages 52 
and 53. In  the larger channel, in the  vicinity of Duncombe, 
farm  wells finished in the sands and gravels develop an ade- 
quate supply w ith very small draw down. This aqu ifer m ay be 
large enough to  yield large volumes of w ater, bu t i t  is essentially 
undeveloped a t  present.
Sand and gravel underlying the  high terraces in th e  Des 
Moines R iver valley and L izard Creek will probably yield 
m oderate supplies of w ater to  wells, b u t w here the  deposits a re  
narrow  the  w ater supply m ay fa il during  periods of drought. 
W ater in  the  d r if t  deposits is hard , generally contains an exces- 
sive am ount o f iron, and has a  low fluoride content.
Recent Sediments
Character, distribution, and thickness. The depressions on 
the M ankato d r if t  surface have been partially  filled by w ash 
from  the ad jacent d r if t  during  Recent tim e. Some of the  de- 
pressions have been filled largely w ith  carbonaceous m aterial 
to  form  peat bogs or peaty soil. The soils developed over the  re - 
m ainder of the county also are  of Recent origin.
Silt, clay, and some sand and gravel constitute th e  Recent 
alluvium  th a t  occurs in th e  lower levels of the  Des Moines 
R iver and some of its  larger tribu ta ries , b u t m ost of the sand 
and gravel in  the  Des Moines R iver valley m ay be rem nants 
of earlie r Pleistocene deposits.
The depressions on the  upland m ay be filled w ith Recent sedi- 
m ents to  depths of 15 or 20 fee t in  places. These deposits are
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lenticular and occur as patches generally covering only a  few 
acres.
In the valley of the Des Moines River north  of F o r t  Dodge 
the alluvium is th in  o r absent. A t F o r t Dodge the  unconsoli- 
dated deposits reach a  thickness of 30 feet. Well 88-28-32N1, 
located in the  valley about a  mile south of F o r t Dodge, penetrated  
40 feet of clay and gravel. The lower 10 feet was composed of 
d irty  sand and gravel. The unconsolidated deposits reach a 
thickness of about 40 fee t in the  vicinity of Lehigh also, and 
probably a t  places fa r th e r  south. These deposits, however, a re  
very  narrow , seldom extending over 500 feet from  the  bank of 
the river.
W ater supply. The city of F o r t Dodge initially  obtained its  
w ater supply from  a  large dug well finished in the  sand and 
gravel in the Des Moines R iver bottom. This source of supply 
was augm ented by wells finished a t  g rea te r depths, and was 
finally abandoned in 1919.
The town of Lehigh a t  one tim e obtained its supply from  a 
large-diam eter well about 25 fee t deep finished in sand and gravel. 
I t  is reported th a t  continued difficulty w ith sand w as the  
principal cause of the development of a source of supply from  
underlying limestones. More recently, several shallow tes t 
wells were drilled in the alluvial sand and gravel in an  attem pt 
to develop a sa tisfac to ry  w ater supply. A  prom ising quantity  
of w ater was located, bu t the w ater was very hard . The source 
of the hard  w ater was possibly the  ad jacent w ater-bearing  beds 
in the Pennsylvanian system  of rocks. I f  such a supply were 
developed the quality of w ater m ight im prove as the nearby 
river w ater was draw n into the sands and gravels. A t o ther local- 
ities in the Des Moines R iver valley south of Lehigh, the uncon- 
solidated sedim ents m ay be expected to yield ample supplies 
of w ater fo r farm  use.
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TABLE 11. RECORDS OP TYPICAL
The well number also represents the well location. Well-numbering system de- 
scribed on page 7. Well for which water analyses are given in table 9 are indi- 
cated by parentheses; wells for which logs are given in the following section are indi- 
cated by an asterisk.
Types of wells: B, bored; Dg, dug; DR, drilled.
Measured depths of wells given to tenths of a foot; depths given to even feet are 
reported.
Type of casing: B, brick; I, iron or steel; R, rock; S, screen; T, tile.
Depth of casing: Parentheses around figures indicate there is additional casing a t 
intervals below the continuously cased part of the well; such data may be given in 
remarks column.
Well number Location Owner o r name
Well construction
Method 
of lift
Type
Depth
(feet)
Diam-
eter
(inches)
Casing
Pump PowerType
Depth
(feet)
86-27-4D 1
T. 86 N., R. 27 W. 
NW¼NW¼NW¼ sec. 4 A. B. Davis DR 225.3 5 I 200 L E
86-27-23M1 SW¼NW¼SW¼ sec.  23 J . C. Ritchie DR 552 
86-27-32C I NW¼NE¼NW¼ sec. 32. F. Olson B 55.3 12 T 567 L H
8 6 -2 7 -3 4 F 1 N E¼SE¼NW¼ sec. 34 John Peterson B 12.2 24 T 137 S H
(86-28-2P1 )
T. 86 N., R. 28 W. 
SE¼SE¼SW¼ sec. 2 E. & K. Gabrielson DR 720 6- 5 I 508 L E
(86-28-9R 1 ) SE¼SE¼SE¼ sec. 9 Mary Eks trand B 31.0 14 T 317 F R
86-28-9R 2 S E ¼ S E ¼ S E ¼  sec . 9 Mary Ekstrand B 60 T 607 F E
(86-28-14H1) SW¼SE¼NE¼ sec.14 Dayton, town well 2 DR 1,240 13- 8 I (505) T E
86-28-14H2 SW ¼SE¼NE¼ sec.14 Dayton, town well 1 DR 688 10-6 I F E
(86-28-21B 1) NE¼NW¼NE¼ sec. 21 DeKalb Hybrid Seed C o . DR 104 1 104
86-28-29Q1 S E ¼ S W ¼ S E ¼  sec. 29 C. & G. Ku l i l d B 87.2 12 T 887 L G, H
(86-28-3 1C 1) NW¼NE¼NW¼ sec. 31 F. I . Johnson B 58.9 14 T 707 F E
86-28-32H 1 SW¼SE¼SE¼ sec. 32 R . W. Skog l u n d DR 374 6- 4 I 350 L E
86-28-32R 1 S E ¼ S E ¼ S E ¼  sec. 32 R. C. S trand B 59 .6 20 T 607 L W
86-28-35A1 NW¼NE¼NE¼ sec. 35 Hubert Will DR 109 5 I L H, W
86-28-35A2 NW¼NE¼NE¼ sec. 35 Hubert Wi l l B 69 .6 T 707
(86-29-3C1)
T. 86 N., R. 29 W. 
NW¼NE¼NW¼ sec. 3 Edna Nelson B 19.4 14 T 207 L W
86-29-4C 1 NE¼NE¼NW¼ sec. 4 C. V. LeRoy B 68.2 16 T 697 L H
86-29-4C2 NE¼NE¼NW¼ sec. 4 C. V. LeRoy B 38.3 12 T 397 L G
(86-29-13C1) SW¼NE¼NW¼ sec. 13 Harcourt, town well DR 1,092 8 -4 I 840 T E
86-29-13F 1 NW¼SE¼NW¼ sec. 13 Nelson B 15.6 14 T 167 L H
86-29-14A1 NE¼NE¼NE¼ sec. 14 F. E. C astenson B 38.6 12 T 397 L H
86-29-14H1 NE¼SE¼NE¼ sec.14 F .  E .  C a s t e n s o n B 40.3 T 417 L E
86-29-18D 1 SW¼NW¼NW¼ sec. 18. A. Soderbeck B 43.2 12 T 447 L H
(86-29-26Q I) S W ¼ SW ¼ SE ¼  sec. 26 Lanyon Cons. School B 57.7 18 T 587 F E
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Type of pump: F, force; J, jet; L, lift; N, none; P, pressure; S, suction; T, turbine.
Power: E, electric; G, gasoline engine; H, hand; W, wind.
Altitude of land surface: Measurements made by altimeter or hand level given to 
nearest 5 feet; those estimated from topographic sheets given to nearest 5 feet and 
indicated by parentheses.
W ater level: Measured levels given to hundredths of a foot; reported levels given 
to even feet.
Use of w ater: A, abandoned; D, domestic; I, industrial; M, municipal supply; PS, 
other public supply; S, stock; Un, unused.
Principal water-bearing beds
Water level
Use 
of
water
Remarks (yield given in gallons a 
minute; drawdown in feet)
Measuring point
Altitude 
of land 
surface 
(feet)
Distance
of water
level 
above 
(+) or
below
land
surface
 (feet)
Date of 
Measurement
Description
Distance 
above or
below 
land 
surface 
(feet)
Character of 
material
Geologic 
subdivision
Sandstone Desmoinesian Drilled hole in 
pump base
1.4 (1, 105) 105.51 Oct. 19 , 1942 D, S Yield, 3 .5 ; drawdown 2 .9 
after 40 min. Tempera- 
ture 50°F.
Limestone Gilmore City 1, 125 150
Sand Pleistocene Top of casing 0 18.74 Oct. 25, 1942 D Meager water supply re- 
ported.
Sand Pleistocene Top of casing .5 (1,000) 1.34 Oct. 25, 1942 S
Limestone Hampton 1,140 D, S
Drift Pleistocene Top inner lip of 
tile casing
.8 (1, 150) 5.80 Sept. 17, 1942 D , S Good water, poor yield 
reported.
Sand Pleistocene Top of pump plat-form .5 (1, 150) 4.95 Sept. 17, 1942 D, S Adequate yield reported.
Limestone Wapsipinicon Drilled hole in 
pump base
. 6 1,120 69.54 Sept. 17, 1942 M Additional casing, 770 to 
966 feet: temperature 
56°F. Yield, 130, No- 
vember 1942; drawdown 
76.
Limestone Hampton 1,120 111 1895 M Used very little; reported 
yield, 20.
Pleistocene 1,165 30 1948 D, S Reported yield, 45; small 
drawdown.
Drift Pleistocene Top of wood plat- 
form
.2 7.69 Sept. 11, 1942 S
Drift Pleistocene Top of casing in pit - 4 . 5 16 .58 Sept. 12, 1942 D, S Water reported to be hard, 
with low iron content.
Sandstone Desmoinesian 75 1922 S Temperature, 51°F; yield, 
5; reported drawdown, 
75. W ater reported not 
hard, high i ron content.
Sand Pleistocene Top of concrete 
well cover
.5 19 .32 Oct. 25, 1942 S
Sand Pleistocene Top of casing .4 4.75 Oct. 25, 1942 S
Sand Pleistocene Top of casin g 0 6.00 Oct. 25, 1942
Drift Pleistocene Top of tile casin g 1.0 (1,140) 3 .26 Sept. 15, 1942 S
Drift Pleistocene Top of platform .4 (1, 160) 12.46 Sept. 15, 1942 D
Drift Pleistocene Top of casing 1.3 (1 , 160) 11.40 Sept. 15. 1942 S
Dolomite Cedar Valley 1,170 110 Jan. 1939 M Reported yield, 35; draw- 
down, 51.
Drift Pleistocene Top cement curb 0.0 (1, 170) 4.24 Sept. 17, 1942 D
Sand Pleistocene Top of pump base 1.0 (1,150) 4.47 Sept. 9. 1942 S Small yield reported.
Gravel Pleistocene Top of platform 1.0 (1,160) 7.62 Sept. 9, 1942 D, S Temperature 52° F; yield, 
7; drawdown, 4 after
Drift Pleistocene Top of concrete 
curb
1.8 4.44 Sept. 14, 1942 Un
pumping 15 min.
Very hard water reported.
Sand Pleistocene Flange on pump 
column
- 6 .2 21.91 Sept. 12, 1942 PS Yield, 13.3: drawdown, 
11.6 after pumping 60 
min.
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Well number Location Owner or name
Well construction
Method 
of lift
Typo
Depth
(feet)
Diam­
eter
(inches)
Casing
Pump PowerType
Depth
(feet)
86-29-27N1 SW¼SW¼SW¼ sec. 27 J . A. Johnson B 35.5 36- 6 T 36? F E
86-29-27P I SE¼SE¼SW sec.  27 O. T . E n g q u i s t B 45.5 14 T 48? L H
86-29-27P2 S E ¼ S E ¼ S W ¼  sec. 27 O. T . Engquist B 101 14 T 101?
86-29-29P 1 SE¼SE¼SW¼  sec. 29 C. Bloomgren B 34.4 12 T 35?
86-29-29P2 SE¼SE¼SW¼ sec. 29 C. Bloomgren B 45.5 14 T 46? L H, W
86-29-30P1 NW¼SE¼SW¼ sec. 30 J .  C. Nordin Es t a t e B 140.7 16 T 141? L H, W
86-29-30 Q 1 SE¼SW¼SE¼ sec. 30 A. A. Franseen B 47.0 14 T 47? L H, W
86-29-32B1 NE¼NW¼NE¼ sec. 32 Robert Youngqutst B 63.1 16 T 64? L H
86-29-35C 1 N E¼NE¼NW¼ sec. 35 Emil Rohden DR 260
(86-29-35C2) SE¼NE¼NW¼ sec. 35 A. V. Mossberg B 71.4 12 T 72? P ,S E
86-29-35C3 SE¼NE¼NW¼ sec. 35 Lanyon community B 98.7 12 T 99? L H
86-29-35F1 SE¼SE¼NW¼ sec. 35 C an Carlson B 5 1.5 T 52 L H
(86-30-1P1)
T. 86 N., R. 30W. 
SE¼ SE¼ SW ¼  sec. 1 Gowrie, town well 1 DR 620 6 I 350 T E
(86-30-1P2) SE¼ SE¼ SW ¼  sec. 1 Gowrie, town well 2 DR 1,842 16- 6 I (385)   T E
(86-30-1Q1 ) NW¼SW¼SE¼ sec. 1 Gowrie, town well 3 DR 250 12-10 I, S 250 T E
86-30-5C 1 NW¼N E¼NW¼  sec. 5 E. C. Monson DR 225 6 + I 214 L E
86-30-8N1 SW¼SW¼SW¼  sec. 8 C. E . Johnson B 44.3 18 T 45? F E, W
86-30-12B1 NW¼NW¼N E¼ s e c .12 Frank Schwa r t s B 76.5 12 T 77? L H
(86-30-15P1) SE¼SE¼SW¼ sec. 15 C. J . Johnson DR 112 5 I 106 L E
86-30-29R I SE¼SE¼SE¼ sec. 29 P. & D. Lohr B 51.5 10 T 52? L W
86-30-30R 1 SE¼SE¼SE¼ sec. 30 W. H . Ca t h e a r t B 54.0 T 54? L H, W
(86-30-31A1) SE¼NE¼NE¼ sec. 31 John Carstenson B 60.0 18 T 6O? F H, E
86-30-31C1 N E¼N E¼NW¼ sec. 31 N. D. Sperry B 55.3 12+ T 56? L H, E
86-30-31J 1 SE¼NE¼SE¼ sec. 31 E. O. Nahnsen DR 130 4 I l30 F E
86-30-3 1J 2 SE¼NE¼SE¼ sec. 31 E .O . Nahnsen B 58 14 T 58 L H
86-30-33B 1 NW¼NW¼N E¼   sec. 33 O. & N. Monson B 23.6 20 W, T 50? L H
86-30-33D1 NW¼NW¼NW¼ sec. 33 L. & J .  Berning B 73.5 14 T 74? L W
86-30-35C1 N E¼N E¼NW¼ sec. 35 B. B. Elmore B 91.5 14 T 94? F E
86-30-36D1 N E¼NW¼NW¼  sec. 36 John Framham B 52.6 14 T 53? L E
86-30-3 6D2 NE¼NW¼NW¼ sec. 36 John Framham B 45.4 12 T 46?
86-30-3 6 G 1 NW¼ S W ¼  NE¼ sec.36 F. C. Klippel B 54 .5 12 T 55? L H
87-27-4N l
T. 87 N., R. 27 W.  
SW¼SW¼SW¼ sec. 4 W. H. Goodrich B 51.7 16 T 52?
87-27-6N1 SW¼SW¼SW¼ sec. 6 Allen Porter DR 378.9 6 I L E
(87-27-10B1) N E¼NW¼N E ¼  sec. 10 J . H. Goodrich B 43.0 24 T 43? L E
87-27-11A1 NW¼N E¼N E¼ sec.11 G. D. Goodrich B 64.0 12 T 64? J E
87-27-12B1 NE¼NW¼NE¼  sec. 12 H. F. Vigors B 5 1.0 T 51? L H, W
87-27-17C1 SE¼N E¼NW¼   sec.17 H.O . Hale B 41.4 16 T 42? L H
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Principal water-bearing beds
Water level
Use
of
water
Remarks (yield given 
in gallons a  minute; 
drawdown in feet)
Measuring point
Altitude 
of land 
surface 
(feet)
Distanc
eof water
leve
l abov
e (+) 
or belo
wlan
dsurface
 (feet)
D ate of 
measurement
Description
Dis-
tance
above
or
below
land
surface
(feet)
Character 
of material
Geologic
subdivision
Sand Pleistocene Top of platform 1.1 5 .70 Sept. 11, 1942 D, S Small yield.
Sand Pleistocene Top of platform .8 4.05 Sept. 11, 1942 D, S Small yield.
Drift Pleistocene 0 Sept. 11, 1942 S
Drift Pleistocene Top of platform .4 11.74 Sept. 11, 1942 Un Small yield.
Sand Pleistocene Top of cement 
platform
.4 D ,S Yield, 4; pumping level, 
21.1.
Drift Pleistocene Top of platform .4 44.72 Sept. 11, 1942 D, S Water level affected by re- 
cent pumping. Small 
yields reported; water 
hard with high iron con- 
tent reported.
Sand Pleistocene Top of casin g 0 19 .37 Sept. 10, 1942 Un
Drift Pleistocene Top of earing 0 5.84 Sept. 11, 1942 S
1,170 Teat well; dry and aban- 
doned.
Drift Pleistocene Top of platform .4 6 .52 Sept. 11, 1942 D Supplies water to two fam- 
ilies.
Drift Pleistocene Top of platform 1.0 6.60 Sept. 11, 1942 PS
Drift Pleistocene Top of wood frame 0 6 .80 Sept. 11, 1942 Un
Limestone and 
dolomite
Gilmore City 
and Hampton
Base of pump 0 .9 1,140 92.77 Sept. 14, 1942 M Depth to  water reported 
to  be 50 feet in 1902.
Sandstone and 
dolomite
S t. Peter and 
Prairie do 
Chien
1,140 M
Grovel Pleistocene Top of caring 1.5 1,140 44.3 June 1950 M
Sandstone Desmoinesian Top of concrete 
platform
.8 56 .61 Sept. 14, 1942 D, S Temperature, 50°F ; yield, 
5 .4 ; drawdown, 10.3 in 
13 minutes
Drift Pleistocene Top of casing in pit - 3 . 2 11.05 Sept. 14, 1942 D ,  S W ater reported hard, mod- 
erate iron content.
Drift Pleistocene Top of platform a t 
drilled hole
.7 4.82 Sept. 14, 1942 D
Sand Pleistocene 1,115 28 M ay 10, 1951 D, S Reported yield, 5, draw- 
down, 32.
Drift Pleistocene Top of casin g -  .1 12.89 Sept. 9 , 1942 S Small yield reported.
Drift Pleistocene Top of 8"x8" 
timber
1.4 16.04 Sept. 9 , 1942 D, S Adequate supply reported.
Sand Pleistocene Top of platform - 4 . 0 14.44 Sept. 9 , 1942 D, S
Drift Pleistocene Top of platform 1.3 17.35 Sept. 9 , 1942 D, S Water temperature, 51°F; 
water reported high in 
iron content. Yield, 5.5; 
drawdown, 12.1 after 55 
min.
Sand Pleistocene Top of earing - 4 . 4 14.48 Sept. 10, 1942 S Water reported hard, high 
in iron content.
Sand Pleistocene Top of casing 1.0 12.9 Sept. 10, 1942 D Water reported softer than 
in 31JI.
Sand Pleistocene Top of platform .6 4.85 Sept. 10, 1942 D Adequate supply reported.
Sand Pleistocene At hole in pump 
base
.0 9.05 Sept. 9 , 1942 D, S Water reported hard.
Sand Pleistocene Top of platform .3 49.28 Sept. 10, 1942 D , S Water level affected by re- 
cent pumping, tempera- 
ture, 51°F; yield, 6. 
Drift Pleistocene Top of wood plat- 
form
1.1 18.82 Sept. 10, 1942 D, S
Drift Pleistocene Top of inner Up of 
tile casing
0 15.95 Sept. 10, 1942 Un
Sand Pleistocene Top of platform 1.4 17.00 Sept. 10, 1942 D
Pleistocene Top o f casing 0.1 (1, 105) 5.69 Nov. 9 , 1042 Un
Dolomite Osagia n  (?) At hole in pump 
base
.7 (1,090) 120.53 Oct. 16, 1942 D, S
Sand Pleistocene Top of casing 1.0 21.15 Nov. 9 , 1042 D, S
Sand Pleistocene Top of platform 1.0 26.15 Nov. 9 , 1942 D
Drift Pleistocene Top of caring 0 30.07 Nov. 9 , 1942 D, S Water level affected by re 
cent pumping.
Drift Pleistocene Top of oaring .8 (1, 100) 4.86 Oct. 16, 1942 Un
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Well number Location Owner or  name
Well construction
Method 
of lift
Type
Depth
(feet)
Diam-
eter
(inches)
Casin g
Pump PowerType
Depth
(feet)
(87-27-18M1). SW¼NW¼SW¼ sec. 18 J . B .  Marsh DR 355.8 6 - 3 I L E
87-27-19D 1 NW¼NW¼NW¼ sec. 10 O. V. Peterson B 61.3 62? L H
87-27-20H1 SW¼SE¼NE¼ sec. 20 Mike Casey B 51.6 16 T 52
87-27-20H2 SW¼SE¼SE¼ sec. 20 Mike Casey DR 216 .5 6 I L G
87-27-24C 1 SE¼NE¼NW¼ sec. 24 J . G. G uthrie B 18.0 14 T 18?
87-27-27R 1 SE¼SE¼SE¼ sec. 27 B. I. Bergman B 5 1.0 14 T 52? L H
87-27-29N1 SE¼SW¼SW¼ sec. 29 Morris Thompson DR 360 I
87-27-32E1 NW¼ S W ¼ N W ¼  sec. 32 L. Claasen B 20.1 24 T 21? L H
87-27-35C1 SW¼N E¼NW¼ sec. 35 C. Bergman DR 400 6- 5 I 310
87-28-2N1
T .8 7 N ., R .  28 W. 
SW¼SW¼SW¼ sec. 2 Roy Heal DR 112.3 6 I F E
87-28-5Q1 SE¼SW¼ S E ¼  s e c . 5 E. Wrede Dg 26 .8 36 B 27?
87-28-6 D1 N E¼NW¼NW¼ sec. 6 C. A. Tapper E state DR 125 5 I 122
87-28-10A1 NE¼N E¼N E¼ sec. 10 M. A. Heal B 41.5 30 T 42? L H
87-28-10A2 NE¼NE¼NE¼ sec. 10 M. A. Heal B 81.2 14 T 82? L H
87-28-12H 1 SE¼SE¼N E¼ sec. 12 Unknown B 18.6 24 T 19? L H
(87-28-I2J1) SE¼NE ¼SE¼ sec. 12 Lehigh, town well 1 DR 329 4 I T E
 (87-28-12J2) SE¼N E¼SE¼ sec. 12 Lehigh, town well 2 DR 1.005 12-10 I 300
87-28-12Q1 NW¼ S W ¼ S E ¼  sec. 12 Thomas Timmons B 57.5 24 T 58? L H
87-28-12R1 NE¼SE¼ S E ¼   sec.12 M. H. Williams 19.6 36 20? L H
87-28-13E1 SW¼SW¼NW¼ sec. 13 Lehigh Sewer Tile DR 600 8- 6 I (284)
(87-28-15N1) NW¼SW¼ S W ¼  sec.15 Burnside Cons. School DR 181.5 6 I F E
87-28-16J 1 N E¼N E¼SE¼ sec. 16 A. E. Gochenour DR 191.0 8 I F G
87-28-16J2 NE¼N E¼SE¼ sec. 16 Olson B 21.9 L H
87-28-19J1 SE¼N E¼SE¼ sec. 19 Franklin Larson DR 185 6 I 146
87-28-20H 1 SE¼SE¼N E¼ sec. 20 R. E. Anderson DR 147 5 I 147
87-28-25E1 N W ¼ SW ¼ N W ¼  sec. 25 John Gallagher DR 315.7 4 I L E
87-28-27R1 SW¼SE¼SE¼ sec. 27 L. J . Hoyer B 79.1 14 T 80? L, PS H, E
87-28-29N1 SW¼SW¼SW¼ sec. 29 G rant Spangler B 41.8 12 T 42?
 87-28-30C 1 NE¼N E¼NW¼ sec. 30 O tto Kilng DR 186 5 I 140
87-28-30N1 SE¼SW¼SW¼ sec. 30 W. W. Wise DR 207 5- 3 I 207 L E
87-29-2P1
T .  8 7 N ., R .29 W. 
SE¼SE¼SW¼  s e c .  2 O. E. Bloomquist B 28.8 24 T 29?
87-29-2P2 SE¼SE¼SW¼  sec. 2 O. K. Bloomquist B 36.8 8 I 37? L H
 87-29-3R1 SE¼SE¼SE¼ sec. 3 Richard P aul DR 380 8 - 5 I 250
(87-29-9D1) NW¼NW¼NW¼ sec. 9 W. G. Larson B 65.2 12 T 66 L H
87-29-10H 1 SE¼SE¼N E¼ sec. 10 H. Samuelson B, D R 131.2 16- 6? T , I L H
87-29-17A1 NW¼NE¼NE¼ sec. 17 Lydia Hayek DR  174 5 -  4 I 174 F E
87-29-19R 1 SE¼SE¼SE¼ sec. 19 G. D. Staves B 31.8 18 T 32? L H
87-29-19R2 SE¼SE¼SE¼ sec. 19 G. D. Stave s DR 750 6 I F W
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Principal water-bearing beds
Water level
Use
of
water
Remarks (yield given 
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surface 
(feet)
Distanc
eof water
leve
l above 
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below 
land 
surface
 (feet)
Date of 
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Dis-
tance
above
or
below
land
surface
(feet)
Character 
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Geologic
subdivision
Sandstone Desmoinesian At hole in pump 
base
1.4 (1, 110) 123.63 Oct. 17, 1942 S
Drift Pleistocene Top of platform .6 (1, 115) 4.34 Oct. 16, 1942 D, S Hard water reported, mod- 
erate iron content.
Drift Pleistocene Top of casing, east .6 (1,035) 29 .03 Oct. 16, 1942 Un
Sandstone? Desmoinesian Top of casing .5 (1,035) 67.59 Oct. 16, 1942 D, S
Drift Pleistocene Top of casing .6 8.25 Nov.  6, 1942 Un
Drift Pleistocene Notch in casing 0.3 19.46 Sept. 16, 1942 D
Limestone Mississippian (1, 120) 118 Sept. 16, 1942 S Water reported hard, high 
iron content.
Drift Pleistocene Top of inside rim 
of tile casing
0 (1,120) 9.66 Sept. 16, 1942 Un
Limestone Gilmore City 1,100 90 1935 S Reported yield, 11; draw- 
down, 15.
Sandstone Desmoinesian At hole in pump 
base
- 3 .2 (1, 120) 87.00 Oct. 21, 1942 D, S Water of high iron content
Drift Pleistocene Top of platform .3 (1, 115) 3.82 Oct. 19 , 1942 Un
Sand Pleistocene 1,125 20 March 1950 D, S Reported yield, 10; draw- 
down, 15.
Sand Pleistocene Top of platform 1.0 (1, 120) 12.42 Oct. 21, 1942 S
Sand Pleistocene Top of inner tile 1.1 (1, 120) 19.72 Oct. 21, 1942 S
Alluvium Recent Top of platform . 6 (940) 12.44 Oct. 16, 1942 Un On Oct. 16, 1942, water 
level in Des Moines Riv- 
er was 13.5 feet below 
land surface at  well.
Limestone Gilmore City 950 Flow M Flow in 1948, 15; yield 60; 
pumping level 165.
Limestone and 
dolomite
Mississippian-
Devonian
945 Flow M Initial flow, in April 1937. 
100g.p.m.
Drift Pleistocene At drilled hole in 
platform
1.0 (1,115) 5.61 Oct. 19, 1912 S Destroyed in 1947.
Alluvium Recent Top of platform .7 (945 ) 13.88 Oct. 16, 1942 S
Limestone Ham p to n -
Upper
Devonian
975 Flow D
Sandstone Desmoinesian Top of casing - 5 .0 (1,140) 94.78 Oct. 19 , 1942 P, S Yield 9; drawdown. 3 .0  in 
two hours
Sandstone Desmoinesian Top of platform 1.0 (1, 140) 100.19 Oct. 19 . 1942 D, S Water reported hard, of 
high iron content.
Drift
Sandstone
Pleistocene
Desmoinesian
Top of platform 1.0 (1, 140)
1,145
6.76
60
Oct. 10, 
Sept.
1942
1950
1
D, S Reported yield, 10; draw- 
down, 20.
Sandstone Desmoinesian 1,145 100 August 1949 D, S Reported yield, 10; draw- 
down, 11.
Limestone? Mississippian
(?)
(1, 125) 107.50 Sept. 16, 1942 S Water reported hard, of 
high iron content.
Drift Pleistocene Top of platform 0 (1,140) 8.14 Sept. 16, 1942 D Adequate supply reported; 
water hard.
Drift
Sandstone
Pleistocene
Desmoinesian
Top of tile casing 1.0 (1, 165)
1,150
3.64
03
Sept. 16, 
July
1942
1949
Un
D, S Reported yield, 10; draw- 
down, 10.
Sandstone Desmoinesian (1,160) 95 1917 S Temperature, 50°F; water 
reported hard.
Drift Pleistocene Top of casin g 0.2 (1, 150) 2.80 Oct. 19, 1942 Un
Drift Pleistocene Top of platform .9 (1,150) 7.24 Oct. 19, 1942 Un
Limestone Gilmore City 1,150 Nov. I950 D, S Reported yield, 7.5; pump- 
ing level, 240.
Drift Pleistocene Top of platform 0 (1, 150) 12.68 Oct. 15, 1942 D Not used for drinking.
Drift Pleistocene Top of casing .5 (1, 155) 3.44 Oct. 19 , 1942 S
Sandstone Desmoinesian At hole in pump 
base
. 9 1,170 31.65 Oct. 22, 1942 D, S Reported water level, 25 
feet in May 1939.
Drift Pleistocene Top of inner lip of 
tile casin g
1.5 5 .27 Oct. 15, 1942 D, S
Limestone Mississippian Top of platform 0 112.6 Oct . 15, 1942 S Water level affected by 
previous pumping. Water 
reported hard, of high 
iron content.
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Well number Location Owner or name
Well construction
Method 
of lift
Type
Depth
(feel)
Diam-
eter
(inches)
Casing
Pump PowerType
Depth
(feet)
87-29-23Q1 SW¼SW¼SE¼ sec. 23 Kenneth Larson DR 151 6 I 151
87-29-24 D1 NW¼NW¼NW¼ sec. 24 School No. 6 B 49. 8 14 T 50? L H
87-29-30D1 NE¼NW¼NW¼ sec. 30 O tto Norberg B 32.4 18 T 33 L H
87-29-31N1 NW¼ SW ¼ SW ¼   sec. 31 M argaret Davis B 91.9 14 T 92? F H, W
87-29-36B1 N E¼NW¼N E¼ sec. 36 Ruth O'Connell B 42.4 14 T 43? L H
87-29-36D1  SW¼N sec.36 C. J . Yo u n g q u i s t B 25 .0 12 T 25
(87-30-3C1)
T. 87 N . , R . 30 W. 
NW¼N E¼NW¼ sec . 3  W. R. Ingram DR 103 5 I 108
87-30-6N 1  SW¼ SW¼ SW¼ sec. 6 J . E . Mack B 42.8 16 T 43 L E
87-30-9A1  NE¼NE¼NE¼ sec. 9 L. Robiner B 42.7 14 T 43
87-30-9A2 NE¼NE¼NE¼ sec. 9 L. Robine r DR 135 6 I F W
 (87-30-12E l)  SE¼WN sec.12 Callender, town well 1 DR 727 8- 6 I 440 T E
87-30-12F1 SE¼SE¼NW¼ sec. 12 Town of Callender B 56.0 T L H
(87-30-12L1) NE¼N E¼SW¼   sec.12 Callender, town well 2 DR 60 8 I, S 58 J E
(87-30-12L2)  SW¼NE sec.12 Callender, town well 3 DR 185 T E
87-30-12L3 NE¼N E¼SW¼ sec .12 Callender, town well DR 90.2 I L H
87-30-13B1 NW¼NW¼NE¼ sec. 13 H. G . Anderson DR 395
87-30-13E1 SW¼SW¼NW¼ sec. 13 Alvin Jorgensen DR 97 5 I 97 F E
87-30-17N1 N W ¼ S W ¼  SW¼ sec.17 Chicago, Rock Island & 
Pacific Railroad
B 21.0 16 T 21? F H
87-30-18Q1 SE¼SW¼SE¼ sec. 18 C. Peterson Dg, B 64.4 T L H
87-30-28C1 NW¼N E¼NW¼ sec. 28 R. E . Peterson DR 155 6 I 152.5
87-30-30R1 SE¼SE¼SE¼ sec. 3 0 School District 9 B 41.5 14 T L H
87-30-33C1 NE¼N E¼NW¼ sec. 33 M. R o b e rts DR 125 5 - 4
I
L G
87-30-34Q1 SE¼SW¼SE¼  sec. 34 J . R . S m e l t z e r B 48.0 12 T F E , W
 87-30-35H 1 S E ¼ S E ¼ N E ¼  sec. 35 Elza  Meckley D R 357 5 I 303
88-27-1R 1
T. 88 N., R . 27 W. 
SE¼SE¼SE¼ sec. 1 Ely Jensen Dg, B 34.5 36 B ,T L H, W
 (8 8 -2 7 -3 D 1) SW¼NW¼NW¼  sec. 3  Duncombe, town DR 974 10- 8 I 290 T E
88-27-4A1 N E¼N E¼N E¼ sec. 4 Ill.  Central R R B 47.1 24 T 48 L H
88-27-4A2 NE¼NE¼NE¼ sec. 4 Jones B 40.0 14 T 40 L H
(88-27-4A3) SW¼NE¼NE¼ sec. 4 Duncombe, town DR 546 6- 5 I F E
88-27-8A1 NE¼NE¼NE¼ s e c .8 T. Gaynon E state DR 200 3 I L H, W
88-27-8A2 NE¼NE¼NE¼ sec.8 T . Gaynon E sta te B 59.4 12 T L H
(88-27-11J1) SE¼NE¼SE¼ sec. 11 H. J .  Dunbar DR 170 5 I 170
(88-27-11N1) SW¼SW¼SW¼ sec.11 Peter Ostbolm DR 209 5 I 209
88-27-13R1 NE¼SE¼SE¼ sec.13 Hanna Johnson B 36.8 T L E
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Sand Pleistocene 1,160 36 Sept. 1950 D, S Reported yield, 7; draw- 
down, 20.
Drift Pleistocene Top of casing .8 (1,155) 5.11 Oct. 21, 1942 PS
Drift Pleistocene Top of platform 1.0 4 .25 Oct. 15, 1942 Un
Drift Pleistocene Top of platform 0 41.7 Oct. 14, 1942 D, S Water level probably af- 
fected by previous pump- 
ing. W ater pumped con- 
tains blue clay .
Drift Pleistocene Top of casing .4 (1, 160) 4.71 Sept. 15, 1942 D
Drift Pleistocene Top of casing .5 1 , 160) 6.25 Sept. 15, 1942 Un 100-ft. bored well on farm; 
reported to  have hard 
water, high iron con- 
tent.
Sand and 
gravel
Pleistocene 1,165 60 Sept. 1948 D, S Reported yield, 10; draw- 
down, 10.
Drift Pleistocene Top of platform 1.3 22.59 Oct. 15, 1942 D, S Report small yield.
Drift Pleistocene Top of casin g .3 5 .63 Oct. 15, 1942 Un N ot used because of poor 
yield. 
Drift Pleistocene 30 1936 D, S Water reported hard, high 
iron content.
Limestone Mississippian 1,150 94 Dec. 22, 1938 M Casin g  perforated from 
277 to  297 fee t from 420 
to  440 feet. Yield, 11; 
drawdown, 224.
Drift Pleistocene 8 .9 Out. 15, 1942 PS
Drift Pleistocene 17 July 1946 M Reported yield 15; draw- 
down. 16.5. 
Sandstone Desmoinesian 35 Sept. 1949 M Reported yield, 12; draw- 
down, 113.
Drift Pleistocene 14.6 Oct. 15,  1942 PS
1,150 Test hole drilled into Miss-
issippian; dry and aban- 
doned.
Sand and 
Gra vel
Pleistocene 1,150 35 Oct. 1948 D, S Reported yield, 10; draw- 
down, 20.
Drift Pleistocene Top of platform 0.1 4.65 O c t. 15, 1942 Un
Drift Pleistocene Top of platform 1.0 5.38 Oct. 15, 1942 Un
Sand and 
gravel
Pleistocene 1,160 60 July 1950 D, S Reported yield, 6; draw- 
down 30.
Drift Pleistocene Top of platform 7.72 Sept. 14, 1942 Un Temperature, 51 °F.
Sand and 
gravel
Pleistocene At hole in pump 
base
1 .9 32.82 O c t. 22, 1942 S Reported water level, 40 
feet below land surface 
in 1939.
Drift Pleistocene Top of platform 1.5 9.07 Sept. 14, 1942 D, S Water supply adequate; 
water reported to  con- 
tain some iron.
Dolomite and 
sandstone
S t  Louis 1,145 60 June 1950 D, S Reported yield, 5; draw- 
down, 90.
Drift Pleistocene Top of platform .4 10.82 Nov. 9 , 1942 D
Limestone Mississippian-
Devonian
1,115 49.2 Jan . 1945 M Casing slotted from 251  to 
290 feet. Yield 33; 
drawdown, 46.8; tem- 
perature 51 °F.
Gravel Pleistocene Top of platform .6 1,110 7.15 Aug. 21, 1942 D
Gravel Pleistocene Top of platform .2 1,110 9.02 Aug. 21, 1942 Un
Limestone Mississippian 40 1942 A Reported yield, 16.5 in 
1942; abandoned about 
1945.
Drift (?) Pleistocene Top of casing .3 (1 ,105) 25.33 Nov. 11, 1942 D, S Water reported to  have 
high iron content
Drift Pleistocene Top of casin g .5 (1,105) 6.72 Nov. 11, 1942 Un
Sand and 
gravel
Pleistocene 1,110 16 May 1945 D, S
Sand and gravel Pleistocene 1,110 31 1948 D, S Reported yield, 12; draw- 
down 9.
Drift Pleistocene Top of platform 0 .2 8 .58 Nov. 6, 1942 D, S
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Well number Location Owner or name
Well construction
Method 
of lift
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Diam-
eter
(inches)
Casing
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(feet)
88-27-21D 1 SE¼NW¼NW¼ sec. 21 Steven Power B 57.8 12 B 57? L H
88-27-21 M 1 NW¼NW¼SW¼ sec. 21 William M artin DR 168 5 I 166
88-27-32N 1 SE¼SW¼SW¼ sec. 32 C. E. Sonnickson DR 340 6- 5 I 280
88-27-33D1 NW¼NW¼NW¼ sec. 33 Bridget Hannon B 63.7 14 T 64? L H
88-27-36A1  SE¼N sec. 36 E . M. Mulholland B 39.9 12 T 40?
88-28-3E 1
T. 88, N., R. 28 W . 
SW¼SW¼NW¼ sec. 3 E . & H. Rogers Esta te DR 350 5-  4 I 260
88-28-5 D 1 NW¼NW¼NW¼ sec. 5 Certain-teed Products DR 1, 669 12- 6 I (365) T E
  (88-28-5D2) NW¼NW¼NW¼ sec. 5 Certain-teed Products 4 DR 2,080 12- 8 I (326) T E
(88-28-6M 1) NE¼NW¼SW¼ sec. 6 Vincent Clay Products Co. DR 355 8- 5 I 355
88-28-8H 1 SE¼SE¼NE¼  sec. 8 John Frandson DR 350 5- 4 I 220
(88-28-8R1) NW¼SE¼SE¼ sec. 8 Jordison Store DR 246 5- 4 I 216
88-28-9H1 SE¼SE¼NE¼  sec. 9 H. I . Moore D R 188 5- 4 I 188
88-28-9J 1 NE¼NE¼SE¼  sec.  9 W. W. Bowen DR 313 6 I L E
88-28-11C 1 N E¼NE¼NW¼  sec. 11 Carl Zimmerman DR 299 5- 4 I (180)
88-28-12D1 NW¼NW¼NW¼ sec. 12 L. E. Hively DR 198 L H, W
88-28-12D2 NW¼NW¼NW¼ sec. 12 L. E . Hively B 22.8 12 T 25 L H
88-28-13F1  SE¼ NWsec. 13 Glen Spike DR 208 5- 4 I 208
88-28-13P1 SE¼ SE¼SW¼ sec. 13 Edith Barnes B 52. 6 8 T 54 L H
 88-28-14P 1 SE¼ SE¼SW¼ sec.14 Alton Hudson Dg 12.0 30 T L H
88-28-18E 1 N W ¼ SW ¼ N W ¼  sec.18 T. B. Opland DR 241 5 I 180
88-28-19A1 SE¼NE¼NE¼  sec. 19 Otho Cons. School DR 467 6 - 4 I L E
(88-28-19B1) SE¼NW¼NE¼  sec.  19 A. D. Schnurr B 55. 6 12 T L H
88-28-20H 1 NE¼SE¼ NE¼ sec. 20 R. W. Lindner Dg 26.7 L H
(88-28-31D1) NE¼NW¼NW¼ sec.  31 J . Y. Wicke rs ham DR 370 5 I F G
88-28-34 D 1 SW¼NW¼NW¼ sec. 34 Alfred Jensen DR 187 5 I 123
(88-28-35N1) NE¼SW¼SW¼ sec.  35 Dolliver State Park DR 375 I 375
88-29- 1A1
T. 88N., R. 29 W. 
N E¼NE¼NE¼ sec. 1 National Gypsum Co DR 273 5 I 254
88-29-2E1 NW¼SW¼NW¼ sec. 2 Dr. Mag g i e DR 500 5- 3 I 330
88-29-3L1 NE¼NE¼SW¼ sec. 3 Webster County H om e___ DR 366 8 I T E
88-29-4A1 NE¼NE¼NE¼ sec. 4 Anna Reilly DR 246 6 L H, W
88-29-4A2 N E¼N E¼N E¼ sec. 4 Anna Reilly DR 33.5 48 B
88-29-6H 1 SE¼SE¼ N E ¼  sec. 6 F. E . Harbacheck DR 69.8 5 I L H, W
88-29-6J1 S E ¼ N E ¼  S E ¼   sec.6 Thomas Jondle B 61.0 12 T 70 L H, W
88-29-9L1 SE¼NE¼SW¼ sec. 9 Anna Sullivan DR 256 5 I 143
88-29-11C 1 NE¼NE¼NW¼ sec.  11 C. F. Madson B 5 4.6 14 T L H
88-29-20D 1 SW¼NW¼NW¼ sec. 20 M artin Wesley B 28.0 12 T L H, G
(88-29-23A1) NE¼NE¼NE¼ sec. 23 A. Edwards B 66.4 12 T L H
88-29-25N 1 SW¼SW¼SW¼ sec. 25 R. W. Sheker B 20.9 12 T 30 L H
88-30-5R 1
T. 88 N ., R. 30 W. 
SW¼ SE¼SE¼ sec . 5 J . F. Kusterer  Estate B 62.0 12 T L H
88-30-13C 1  NE¼W sec.13 Max Spilks B 36.3 8 T L H
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Drift Pleistocene Top of pump base .2 15.20 Nov. 9, 1942 D, S Small yield of good water 
reported
Sand and gravel Pleistocene 1,100 57 1949 D, S Reported yield, 18; small 
drawdown.
Limestone and 
dolomite
St. Louis and 
Osagian
1, 100 87 Dec. 1950 D, S Reported yield 12.5; small 
drawdown.
Drift Pleistocene Top of casing 1.0 (1,095) 14.37 Nov. 9 , 1942 D, S Small supply reported.
Drift Pleistocene Top of casing 0.4 7.75 Nov. 6 , 1942 Un
Limestone Gilmore City 1,110 85 March 1947 D, S Reported yield, 8.5; draw- 
down, 75.
Sandstone St. Peter 1,115 62 July 1925 I Reported yield, 275; small drawdown.
Sandstone Jordan 1,115 117 Jan. 1950 I Reported yield, 620 ; draw- 
down, 40.
Limestone Gilmore City 980 Flow I Casing perforated 340-355.  Reportdflw,35
Limestone Gilmore City 1,110 65 1948 D Reported yield, 12; small 
drawdown.
Dolomite Osagian 1,110 80 Oct. 1947 D Reported yield, 8; draw- 
down, 54; 26 feet of 4- 
inch casing on bottom, 
perforated.
Sandstone St. Louis 1,115 110 Nov. 1949 D Reported yield, 10; draw- 
down. 40; casing slotted near botm.
   Limestone    Osagian 1,115 60 Oct. 1942 D, S
Dolomite Osagian 1,115 90 D, S Reported yield, 12; draw- 
down, 90.
Sandstone Desmoinesian (1, 110) 54 Nov. 1942 D, S Water reported to  have 
high iron content.
Drift     Pleistocene    Top of casing 1.4 (1, 110) 4.24 Nov. 11, 1942 Un
Sandstone Desmoinesian 1,105 111 1948 D, S Reported yield,  10 ; small 
drawdown.
Drift     Pleistocene 0 1,110 I7.8 Nov. 11, 1942 D
Gravel Pleistocene Top of casing 1.0 (1,050) 6.09 O ct 20, 1942 D, S
Sandstone  St. Louis 1,115 90 Jan. 1947 D, S Reported yield, 10; draw- 
down, 50.
   Limestone     Gilmore City (1,110) 40 Oct. 21, 1942 PS
   Sand     Pleistocene Top of casing 0 .5 (1, 120) 13.66 Nov. 19, 1942 D
Drift     Pleistocene Top of platform 0 (1, 115) 4.39 Oct. 20, 1942 D, S
Limestone Gilmore City 1,125 D, S Yield. 5; temperature, 
49°F.
Sandstone Desmoinesian 1,110 104 D, S Reported yield, 12; small 
drawdown.
Limestone Hampton (980) Flow PS Reported flow, 35 in 1931; 
temperature, 50°F. 
Casing perforated.
   Sandstone    St. Louis
1,125 128 1945 I Reported yield, 12.5.
Limestone Hampton (1,125) 108 Oct. 1949 D Reported yield, 5; draw- 
down, 107.
   Limestone    Gilmore City 1,140 100 Nov. 1942 Un Reported yield, 50.
   Sandstone    St. Louis Top of platform 1.0 1, 125 93.56 Nov. 16, 1942 D, S Adequate yield reported.
Drift    Pleistocene Top of platform 0.3 1,130 14.00 Nov. 16 , 1942 D
Drift Pleistocene Top of casin g 0 .5 47.15 O c t 23, 1942 Un
   Sand    Pleistocene Top of casin g -3 .6 44.70 Oct. 22, 1942 S
Sandstone St. Louis 1, 145 90 April 1950 D, S Reported yield, 2.5; draw- 
down, 90.
Drift Pleistocene Top of casin g 0 .5 (1, 130) 5 .97 Oct. 21, 1942 D
Drift Pleistocene Top of platform 0.3 5.28 Oct. 20, 1942 D, S
Drift Pleistocene Top of platform 0.3 (1, 120) 5.49 Oct. 20, 1942 D, S
Drift Pleistocene Top of platform 0 4.74 Oct. 21, 1942 D Adequate supply reported
Drift
   
   Pleistocene
   
   Top of casing
1.5 20. 1 Nov. 12, 1942 Un
Drift Pleistocene Top of platform 0 17.40 Oct. 22, 1942 D Reportedly went dry a t 
times in 1935.
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88-30-13C2 SW¼NE¼NW¼ sec. 13 E . Whanne l DR 319 5 I 263
(88-30-13D1) NE¼NW¼NW¼ sec. 13 Moorland Cons. School DR 325 5-  3 I 325 F E
(88-30-13J 1 ) SW¼NE¼SE¼ sec. 13 Julia Fiala DR 236  5-  4 I (135)
88-30-13M1 NW¼NW¼SW¼ sec. 13 J .  B arrett DR 262 5- 4 I 282
88-30-21N1 NW¼ SW¼SW¼ sec. 21 Andrew Sorenson DR 138 5 I 138
88-30-24N1 SW¼SW¼SW¼ sec. 24 E. Thom as DR 152
88-30-24R 1 SW¼SE¼SE¼ sec. 24 V. A. F iala D R 245 5-  4 I 245
 (88-30-26A1) SE¼NE¼N E¼  sec. 26 Howard Lochr DR 162 6 I 162 F E
(88-30-27N1) SW¼SW¼SW¼ sec. 27 H. R . Fiderl ic k DR 376 6 -  4 I 276
88-30-30R 1 SE¼SE¼SE¼ sec. 30 Amandel Nelson B 33.7 12 T 34? L H
88-30-33N 1 SE¼SW¼SW¼ sec. 33 Moore Trust E sta te DR 138 5 I, S 138
88-30-35M 1 SW¼NW¼SW¼ sec. 35 V. W arner DR 234 5 -  4 I 234
89-27-3 B 1
T .  8 9  N ., R .  27 W.
NW¼NW¼NE¼ sec. 3 H. H. Bunker B 41.0 12 T L G
89-27-6A1 NE¼NE¼NE¼ sec. 6 L. Rasmann B, DR 85 T , I
L E
(89-27-7A1) NE¼NE¼NE¼ sec. 7 Erwin Dencklau DR 244 5- 3 I 188 F H, W
(89-27-7A2) NE¼NE¼NE¼ sec. 7 Erwin Dencklau DR 873 5 -  3 I 638 J E
(89-27-8A1) NE¼NE¼NE¼ sec. 8 B 53.5 12 T L H
89-27-I2P1 SW ¼ S E ¼ S W ¼  sec. 12 F. I. Schmoker B 43.3 12 T F W
89-27-13M1 NW¼NW¼SW¼ sec. 13 William Anderson DR 269 5 -  4 I (194)
89-27-16D1 N E¼NW¼NW¼ sec. 16 C. M. Scoula r B 25 .0 12 T
89-27-19N1 SE¼SW¼SW¼ sec. 19 Henry Scharf B 51.6 18 T L H
89-27-19N2 SE¼SW¼SW¼ sec.19 Henry Scharf DR 182 6 I
89-27-24N1 SE¼SW¼SW¼ sec. 24 A. M. Heman B 14.7 18 T L H
89-27-24Q1 SW¼SW¼SE¼ sec . 24 Myron Erickson D R 205 5- 4 I 205
89-27-27D 1 NW¼NW¼NW¼ sec.27 M. Mallinger B 38. 1 12 T L H
89-27-27 D2 NW¼NW¼NW¼ sec. 27 M. M a l l i n g e r B 37.1 12 T L E
89-27-36N1 SW¼SW¼SW¼ sec. 36 John Ledden B, D R 200 16- 5 T , I L H, W
89-28-2B1
T .  8 9  N., R. 28 W. 
NE¼NW¼NE¼ sec. 2   J .  Crowley DR 104.3 6 I L W
89-28-6D1 NW¼NW¼NW¼ sec. 6 Roy Baker DR 230 4 -  3 I 140
89-28-6E 1 SW¼SW¼SW¼  sec. 6 Dawson & Bree n DR 110 5- 4 I 72
89-28-8L1 NE¼NE¼SW¼ sec. 8 A. Weiss DR 248 5 I (86)
89-28-8P1 NE¼SE¼SW¼ sec. 8 Clifford Messerly DR 290 5 I 290
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Dolomite Osagian 1,155 170 Oct. 1948 D, S Reported yield, 5; draw- 
down, 100.
Limestone Osagian 1, 150 145 1945 PS Reported yield, 7.5; draw- 
down leas than 40; tem- 
perature, 51°F. Bottom 
length of casin g  perfor- 
ated.
Sandstone and 
dolomite
Desmoinesia n  
and Osagian
1, 135 86 Dec. 1947 D, S Reported yield, 16; small 
drawdown; 95 feet of 4- 
inch pipe on bottom 
lower par t  perforated.
Limestone Osagian 1,140 159 Sept. 1947 D, S Reported yield. 14; small 
drawdown. Lower part 
of caring slotted.
Sand Pleistocene 1, 160 66 S e p t. 1950 D Reported yield, 5; small 
drawdown.
Sandstone Dakota (?) 1,160
Dolomite  Osagian 1,145 120 Jan. 1950 D, S Reported yield, 10; draw- 
down. 25. Bottom part 
of casin g  perforated.
Sandstone Dakota (?) 1,160 100 July 1950 D, S Reported yield, 20; small 
drawdown.
Limestone Gilmore City 1,145 150 Oct. 28, 1945 D, S Reported yield, 6; small 
drawdown.
D rift Pleistocene Top of platform 1.6 9 .48 Nov. 12, 1942 D ,  S Inadequate supply a t 
times reported.
Drift Pleistocene 1, 180 40 May 1949 D, S Reported yield, 12; draw- 
down, 20.
Dolomite Osagian 1,160 91 Aug. 1948 D, S Reported yield, 8; draw- 
down. 46. Lower part 
of casing slotted.
D rift Pleistocene Top of casin g 1.5 (1, 130) 19.24 Aug. 17, 1942 S
D rift Pleistocene Top of platform 1.0 (1,130) 18.57 Aug. 18, 1942 D,  S Temperature, 50°F.
Limestone Osagian Top of platform .5 1,125 87.6 Nov. 14, 1942 D ,  S Adequate supply report- 
ed; abandoned after well 
7A2 was drilled, because 
of contamination.
Dolomite Devonian 1,125 78 Oct. 7, 1949 D, S Yield, 3; drawdown, less 
than 12; temperature, 
51°F.
Drift Pleistocene Top of earing .6 (1,125) 6 .38 Nov. 14, 1942 D
Drift Pleistocene Top of 2x6 timber 
a t  p it opening
2 .0 18.25 Aug. 19 , 1942 D, S Small yield reported.
Limestone Gilmore City 1,120 84 1948 D, S Reported yield, 9.5; draw- 
down, 53.
Drift Pleistocene Top of concrete 
base
0 .8 (1, 120) 7.34 Aug. 19, 1942 Un
Drift Pleistocene Top of platform 1.0 (1,110) 8.11 Nov. 7 , 1942 Un Water reported to be con- 
taminated.
St. Louis (?) (1,110) 60 Nov. 1941 D, S Temperature. 49°F.
Drift Pleistocene Top of casing 0 .2 6 .96 Nov. 6 , 1942 S Used very little.
Sandstone  St. Louis 1,105 45 1948 D, S Reported yield, 25; draw- 
down, 10. Casing per- 
forated near bottom.
Drift Pleistocene Top of platform 1.2 (1,110) 13.65 Nov. 9 , 1942 D
Sand Pleistocene Top of casing 1.0 (1, 110) 14.25 N or. 9 , 1942 D, S
Sand Pleistocene Top of casing 0 .7 17.60 Nov. 9 , 1942 D, S Used very little.
Drift Pleistocene Top of caring 1.0 (1, 130) 15.08 Aug. 18, 1942 Un
Limestone Gilmore City 1,015 Flow 1951 D, S
Limestone Osagian 1,005 13 July 1949 D Reported yield, 3; draw- 
down, 47.
Limestone Gilmore City 1,120 135 March 1949 D ,  S Reported yield, 14; draw- 
down, 19; 17 feet of 5- 
inch casin g  from 123 to 
140 fee t.
Limestone Gilmore City 1,125 127 1951 D, S Reported yield, 10; draw- 
down, 25; bottom part 
of casin g  perforated.
176 GEOLOGY AND GROUND-WATER RESOURCES
TABLE 11. RECORDS OP TYPICAL WELLS
Well number Location Owner or name
Well construction
Method 
of lift
Type
Depth
(feet)
Diam-
eter
(Inches)
Casing
Pump PowerType
Depth
(feet)
89-28-9Q1 SW¼SW ¼SE¼ sec. 9 Christopher Weyen DR 200 6-  5 I (54)
89-28-10P1 SE¼SE¼SW¼ sec. 10 H .  A s c h e r l  E s t a t e Dg 40.0 40 B 40 L H, W
89-28-10P2 SE¼SE¼SW¼ sec. 10 H. Ascherl E sta te DR 358 5 I 93
89-28-1 1 N 1 N E¼SW¼SW¼   sec.11 W. H. Black B 10.6 8? T L H
8 9 -2 8 -1 1 N 2 SE¼SW¼SW¼ sec. 11 W .  H .  B l a c k B 78.0 14 T L W
89-28-11N3 SE¼SW¼SW¼ sec. 11 W .  H .  B l a c k B 5 1.7 10 T L H
89-28-14R1 SW¼SE¼SE¼  sec. 14 Clarence Pingel DR 192 5 I 120
89-28-18K1 SE¼NW¼SE¼ sec. 18 Louis Charon DR  94
89-28-19K1 SE¼NW¼SE¼ sec.19 Ft. Dodge Crmy. Co., well 1 DR 375 I T E
  (89-28-19K2) SE¼NW¼SE¼ sec. 19 F t. Dodge Crmy. Co., well 2 DR 404 10 I 162 T E
89-28-19L1 SE¼NE¼SW¼ sec.19 Ft. Dodge, City No. 3 DR 215.5 17 I 215 .5
89-28-19 L 2 SE¼NE¼SW¼ sec. 19 Ft. Dodge, City No. 5 DR 624 8- 6 I (162)
8 9 -2 8 -1 9 L 3 SE¼NE¼SW¼ sec. 19 Ft. Dodge, City No. 6 DR 283 8 I 253
8 9 -2 8 -1 9 L 4 SE¼NE¼SW¼ sec. 19 Ft. Dodge, City No. 8 DR 500 10- 8 I 257 T E
8 9 -2 8 -1 9 L 5 SE¼NE¼SW¼ sec. 19 Ft. Dodge, City No. 9A DR 260 6 I 245 S E
8 9 -2 8 -1 9 L 6 SE¼NE¼SW¼ sec. 19 Ft. Dodge, City No. 9 DR 553 10- 8 I 323 T E
8 9 -2 8 -1 9 L 7 NW¼NE¼SW¼ sec. 19 F t. Dodge, City No. 10 DR 422 6 I 242
89-28-19L8 NW¼NE¼SW¼  sec. 19 F t  Dodge, City No. 11 DR 530 6 I 245
89-28-19L9 NW¼NE¼SW¼  sec. 19 Ft. Dodge, City No. 12 DR 541 12- 8 I 390 T E
89-28-19L10 NW¼NE¼SW¼  sec. 19 Ft. Dodge, City No. 13 DR 830
89-28-19L11 NW¼NE¼SW¼  sec. 19 F t  Dodge, City No. 1 4 DR 980 16-14 I (281) A A
89-28-19L12 SE¼NE¼SW¼ sec. 19 F t  Dodge, City No. 15 DR 2 ,307 20-10 1 (1,084) T E
89-28-19P1 NE¼SE¼SW¼ sec. 19 Ft. Dodge, City No. 1 DR 1,827 10- 5 I (328)
89-28-19P2 NE¼SE¼SW¼ sec. 19 Ft. Dodge, City No. 2 DR 670 15-10 I (152)
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Limestone Gilmore City 1,110 117 April 1945 D, S Reported yield, 13; draw- 
down, 10; 120 feet of 5- 
inch casing on bottom; 
lower part perforated.
Sand Pleistocene Top of brick curb- 
ing
1.5 (1, 125) D, S Temperature, 49°F.
Limestone Gilmore City (1,120) 127 April 1951 D, S Reported yield, 12; draw- 
down about 33.
Sand Pleistocene Top of platform 0 .6 1 , 120) 12.33 Aus. 19, 1942 D
Sand Pleistocene Top of casing 0 .7 (1, 120) 18.11 Aug. 19, 1942 D, S
Drift Pleistocene Top of platform 0 .6 (1,120) 8.60 Aug. 19 , 1942 D
Limestone St. Louis 1,120 27 Nov. 1945 D, S Reported yield, 12; draw- 
down, 33.
1,055 3 1930
Limestone Gilmore City 60 1942 I
Limestone Kinderhookian 1,065 70 Feb . 1946 I Reported yield, 500; draw- 
down, 13.
Limestone
Limestone
Mississippian
Mississippian
980
980
Flow
Flow
1950
19 13
M
A
Reported flow, 600 in 19 11 
Reported flow, 50 in 1913; 
10 in 1919, when aban- 
doned.
Limestone Mississippian 980 Flow 1914 A Reported flow, 190 in 
1914; reported yield, 
250; pumping level, 75 
in 1919; abandoned, 
1938.
Limestone Mississippian 980 Flow 1950 M Original depth 1,436 feet; 
original flow, 250; re- 
ported yield, 1,000, 
pumping level, 100 in 
1948.
Limestone Mississippian 985 Flow A Reported flow, 675 in 
1927; abandoned, Nov. 
1944.
Limestone M i s i sippian 985 Flow 1950 M Reported flow, 500 in 
1938; reported yield, 
1,550; pumping level, 
45 in March 1948.
Limestone M i s s i sippian 985 Flow 1931 A Reported flow, 200 in 
1931; abandoned and 
plugged, 1938.
Limestone Mississippian 985 Flow 1931 A Reported flow, 600 in 
1931; abandoned and 
plugged, 1944.
Limestone Mississippian 985 Flow 1950 M Reported flow, 1,000; 
head 28 feet in 1931. Re- 
ported yield, 1 ,550; 
pumping level, 45 in 
June 1948.
Limestone Mississippian 985 Flow 1935 A Reported flow, 440 in 
1935; well abandoned 
because of relatively 
small yield in 1935.
Dolomite Devonian 980 Flow 1950 M Reported flow, 3,000 in 
Oct. 1935; water level, 
18.5 above land surface. 
Oct. 1935. Reported 
yield, 3,000; pumping 
level, 34 in Oct. 1944.
Sandstone Jordan 980 Flow 1949 M Reported flow. 350 in Jan. 
1949. Yield. 2,900; 
drawdown, 70.2 in 8 .5 
hours.
Limestone and 
sandstone
Prairie du 
C hien and 
Jordan
980 60+ 1907 A Reported flow, 571 in 
1907, Reported yield, 
600; pumping level, 55 
in 1919; abandoned and 
plugged, 1938.
Limestone Kinderhookian 980 Flow 1911 A Reported flow, 150 in 
1911; abandoned and 
plugged, 1938.
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Well construction
Method 
of lift
Type
Depth
(feet)
Diam-
eter
(inches)
Casing
Pump PowerType
Depth
(feet)
89-28-19P 3 NW¼SE¼SW¼ sec. 19 Ft. Dodge, City No. 4 DR 400 8 - 6 I 105
89-28-19 P 4 NW¼SE¼SW¼ sec. 19 F t. Dodge, City No. 7 DR 498 8 I 138
89-28-19P5 NE¼SE¼SW¼ sec. 19 Cargill, Inc., No. 1 D R 545 8 I 156 T E
89-28-19P5 NW¼SE¼SW¼ sec. 19 Cargill, Inc., No. 1 DR 1,190 8 I 156 T E
89-28-20M1 SE ¼ N W ¼ S W ¼  sec. 20 Wahkonan H otel DR 1,870 12- 6 I
89-28-21Q1 SE¼SW¼SE¼ sec. 21 Litchfield Realty Co. B 48.7 12 T
89-28-21Q2 SE¼SW¼SE¼ sec. 21 Litchfield Realty Co. DR 150 .05 I, S L W
(89-28-22A1) N E¼N E¼N E¼ sec. 22 G. H . Halverson DR 148 5 I 102 J E
89-28 -24N1 SW¼SW¼SW¼ sec. 24 A. Pingel B 63.2 16 T L H
89-28-24N2 SW¼SW¼SW¼ sec. 24 A .  P i n g e l DR 125 5 I L E
 89-28-26E 1 NW¼SW¼NW¼ sec. 26 Certain-teed Products Carp. DR 247 5 I (153)
89-28-31M 1 SW¼NW¼SW¼ sec. 3 l L. E . Armstrong DR 407
89-28-31R1 SE¼SE¼SE¼ sec. 31 H. Peschau D R 170 5 I 160
(89-28-32N1) SW¼SW¼SW¼ sec. 32 Peterson Bros. DR 325 5 I 169
89-28-34K1 N E¼NW¼SE s e c .  34 Wasem Plaster Co. DR 445 6 I 187 F E
89-29-1D 1
T .  89 N . , R .  29 W. 
NW¼NW¼NW¼   sec. 1 S c h leschardt E sta te B 22.1 24 T L H
89-29-1P1  SW¼E sec.1 E . Zenke DR 105 5 I 70
89-29-1Q1  NW¼SE sec. 1 Tobin Farms Co. DR 200 5 - 4 I 200
89-29-12G 1 SW¼SW¼NE¼ sec.12 L. V. Rogers DR 97 5-  4 I 97
89-29-13E1 SE¼SW¼NW¼ sec.13 F. Larrabee DR 315 I
89-29-13N1 SW ¼ SW ¼ SW ¼  sec.13 C. Anderson B 10.9 6 T L H
89-29-14H 1 SE¼SE¼NE¼ sec. 14 O .D . W alton D R 153 5 I 107
89-29-16N1 SW¼SW¼SW¼ sec.16 J . Stromberg DR 429 5 I L G
89-29-20A1 NE¼N E¼NE¼ sec. 20 G .H .W arner B 42.5 12 T L G
 89-29-20N1 NW¼SW¼SW¼ sec.20 Swaney Motor Co. DR 290 5-  4 I (223)
89-29-23A1 N E¼N E¼N E¼ sec. 23 J .  M onaghan D g 13.7 36 L H89-29-24A l SW¼NE¼NE¼ sec. 24 Boy Scouts of America DR 105 4 I 79
(89-29-25N1) SW¼SW¼SW¼ sec. 28 B. Bergman D R 525 6-  4 I 418 L E
 (89-29-31F1) NE¼SE¼NW¼ sec. 31 A. J . Crawford DR 165 5 I 145
89-29-35H1 NW¼SE¼NE¼ sec. 35 John Scripps DR 486 L E
 (89-30-2Q1)
T . 89 N . ,  R . 30W.
SE¼SW¼SE¼ sec. 2 V. F. Lentsch DR 623 6 - 4 I 610 J E
 ( 89 -30-11R1) N E ¼ S E ¼ S E ¼  sec.11 V. & M. McLaughlin DR 671 6 - 4 I 343 L E
89-30-16N1 SW¼SW¼SW¼ sec. 16 L. O'H ern B 62.4 14 T L W
89-30-18J1 N E ¼ N E ¼ S E ¼  sec.18 D. L. C ain B 35.2 15 T
89-30-23R1 NE¼SE¼SE¼ sec. 23 Johnson Twp. Cons. School DR 202.5 4 I
(89-30-23R2) NE¼SE¼SE¼ sec. 23 Johnson Twp. Cons. School B 55 T F E
89-30-24B1 N E ¼ N W ¼ N E ¼  sec. 24 H. J .  Winninger B 29 .5 30 T L H
TABLE 11. RECORDS OF TYPICAL WELLS
OF WEBSTER COUNTY, IOWA 179
IN  WEBSTER COUNTY, IOWA—Continued
Principal water-bearing beds
Water level
Use
of
water
Remarks (yield given 
in  gallons a  minute; 
drawdown in feet)
Measuring point
Altitude 
of land 
surface 
(feet)
Dis-
tance
of
wa ter 
level 
above (+) or below
land
surface
(feet)
Date of 
measurement
Description
Dis-
tance
above
or
below
land
surface
(feet)
Character 
of material
Geologic
subdivision
Limestone Mississippian 980 Flow 1913 A Initial flow, 160 in 1913; 
15 in 1919 when aban- 
doned.
Limestone Mississippian 980 Flow 1914 A Reported flow, 80 in 1914; 
abandoned about 1925.
Limestone Kinderhookian 990 Flow Oct. 4 , 1946 I Reported yield, 255; 
pumping level,  100-110.
Limestone Kinderhookian 990 + 8 Aug. 1950 I Reported yield, 305; 
pumping level, 210.
Sandstone Jordan 1 , 100) Un
Drift Pleistocene Top of caring 1.0 (1, 110) 8.09 Nov. 6 , 1942 Un
St. Louis At hole in pump 
base
0 .5 1 ,  110) 85 .30 Nov, 6 , 1942 S W ater reported to  have 
high iron content.
Dolomite St. Louis Top of casing 3.1 1,110 36.33 July 22, 1945 D, S Reported yield, 6: draw- 
down, 18.
Drift Pleistocene Top of platform 0.5 (1, 110) 9.44 Nov. 6 , 1942 D Small yield reported.
Sandstone (?) St. Louis (1, 110) 70 Nov. 1942 D, S Water reported to  have 
high iron content.
Dolomite Osagian 1,115 60 Nov. 1946 I Reported yield, 16; draw- 
down, 60; 61 feet of 4- 
inch casing on bottom; 
bottom p art perforated.
Dolomite Mississippian 1,120 125 1927 D, S
Limestone St. Louis 975 + 18 O c t 1944 D Reported yield, 5; draw- 
down, 36.
Limestone Osagian 970 Flow June 1944 D Reported flow, 2.
Dolomite Hampton (1, 110) 65 Nov. 1943 I
Alluvium Pleistocene Top of casin g 0 .8 14.39 Oct. 23, 1942 D, S Adequate supply reported.
Dolomite Osagian 1,000 Flow Nov. 1946 D , S
Limestone Gilmore City 1,005 10 Aug. 1949 D, S Reported yield, 6; draw- 
down, 100; lower part 
of casing slotted.
Dolomite Osagian 1,005 Flow April 1946 D Reported yield, 12; draw- down40
Limestone Gilmore City (1 ,100) 100 1927 D, S
Sand Pleistocene Top of casing 1.1 (1,105) 8.53 Oct. 23, 1942 D Used very little.
Dolomite St. Louis 1,105 90 Dec. 1948 D, S Reported yield, 7; draw- 
down, 40.
Dolomite Hampton Top of platform 0.5 79.50 Nov. 12, 1942 S
Drift Pleistocene Top of casing 0.7 10.77 Nov. 12, 1942 S
Dolomite Osagian 1, 160 120 1947 D, S Reported yield, 8; draw- 
down, 49; 42 feet of 4- 
inch casi n g  on bottom, 
lower part perforated.
Drift Pleistocene Top of platform 1.0 (1 ,105) 6.59 Oct. 23, 1942 D
Sandstone St. Louis 1,050 D
Dolomite Hampton 1,130 130 1935 S Reported yield, 8; draw- 
down, 40.
Sandstone F t. Dodge 1,170 125 July 1948 D, S Reported yield, 5; draw- 
down, 15.
Limestone Hampton 1 , 120)
Sandstone Cretaceous 1,150 54 Jan. 1946 D, S Reported yield, 10; draw- 
down, 7; temperature, 
53°F. Lower part of 
casin g  dotted.
Dolomite Devonian 1,175 69 May 1949 D, S Reported yield, 6; draw- 
down, 124; tempera- 
ture, 54°F ; 86 feet of 4 
inch caring on bottom.
Drift Pleistocene Top of concrete 
curb
1.7 25.94 O c t 21, 1942 D, S
Drift Pleistocene Top of casing 0 7.26 O c t 21, 1942 Un
Sandstone? Cretaceous Top of concrete pum base - 6 .3 30.26 O c t 21, 1942 Un Inadequate supply.
Sand Pleistocene PS
Drift Pleistocene Top of platform 0 .2  9 .96 Nov. 12, 1942 D
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90-27-2A1
T. 90 N., R .2 7 W .  
NE¼NE¼NE¼ sec. 2 N. A. Christensen DR 121 5 I 83 L H
90-27-4D l NE¼NW¼NW¼ sec. 4 L. Maage B 38.9 18 T S H
90-27-4D2 NE¼NW¼NW¼ sec. 4 L. Maage DR 110.2 6 I 100 L H, W
90-27-8Q1  SW¼E sec. 8 R. Croden DR 153 5 I 140
90-27-11K 1 SW¼NW¼SE¼ sec. 11 J .L .  Reddick DR 66 5 I 49 J E
90-27-11Q1 SW¼SW¼SE¼ sec. 11 J . L. Reddick DR 196 5 I 70
90-27-16B 1 NW¼NW¼ N E ¼  sec.16 W. O. Christopher B 49 12 T L E
90-27-16 B 2 NW¼NW¼NE¼ sec. 16 W .  O .  C h r i s t o p h e r DR 98 5 I 71
(90-27-22K1) NW¼NW¼SE¼ sec. 22 J .  Ricehert DR 96 3 I 96 J E
90-27-22 K 2 NW¼NW¼SE¼ sec. 22 Art Swason DR 88 4 I
90-27-22K3 SW¼NW¼SE¼ sec. 22 Paul Bastion DR 88 4 I
90-27-22K4 NE¼NW¼SE¼  sec. 22 James McDonald B 26 6 T L H
90-27-22L1  SE¼NW sec.22 Vincent Locker Plan t DR 121 6 I 98
90-27-22L2 NE¼NE¼SW¼  sec. 22 W. O. Wagner B 12.8 12 T L H
90-27-22L 3 NE¼NE¼SW¼ sec. 22 N. F. Thompson B 25.6 8 T L H
90-27-27D1 NE¼NW¼NW¼ sec. 27 R. E. C arter B 35.5 24 T L H, W
 90-27-28D1 NE¼NW¼NW¼ sec. 28 J . M. Engels DR 420 6 I 86 L E
90-27-29F1 NW¼SE¼NW¼ sec. 29 M. L. Sylvester DR 210 5 I 165
90-27-31N 1 SW¼SW¼SW¼ sec. 31 C. S. Knudson B 53.0 15 T L H
 (90-27-31N2) SW¼SW¼SW¼ sec. 31 C. S. Knudson DR 405 5 I 150 J E
90-28-1B 1
T .90 N . , R .  28 W. 
NW¼NW¼NE¼ sec. 1 E. Askland B 43.3 18 T L H
90-28-1D 1  NE¼W sec.1 L. E. La r s o n B 22.5 12 T L W
90-28-3D 1 NW¼NW¼NW¼ sec. 3 P. De L a n d s t D R 60.5 4 I L H, W
90-28-5D1 NW¼NW¼NW¼ sec. 5 Swenson Bros. B 42.7 15 T
90-28-5D 2 NW¼NW¼NW¼ sec. 5 Swenson Bros. DR 120 6 I 60
90-28-6R 1  SE¼ sec. 6 H. and W. W a s e m DR 330 I
90-28-8Q1  SE¼W sec. 8 S. K. Havey B 31.6 T L H
90-28-10F1  SW¼ ENsec. 10 Iver Amdahl DR 193 5- 4 I 193 L E
90-28-10J1   SE¼Nsec. 10 W. S, Risetter DR 90.3 5 I L H, W
90-28-10R 1   SW¼Esec. 10 P. O. Knutson B 69.0 12 T 70
90-28-12M1  NW¼S sec.12 Berton Anderson DR 105 5 I 105
(90-28-15D 1 )  NE¼W sec. 15 Badger, town well 1 DR 280 5- 4 I 208 F E
(90-28-15D2)  NW¼NW¼NW¼ sec. 15 Badger, town well 2 DR 530 8- 6 I 220 T E
90-28-15D3 NE¼NW¼NW¼ sec.15 Badger Telephone Co. B 54.2 12? T 55? L H
90-28-15 D 4 NE¼NW¼NW¼ sec. 15 L. O. Myrlan d B 29 .5 16-12 T 30? L H
90-28-15 E 1 NW¼SW¼NW¼ sec. 15 Johnson B 50.5 10 T 51?
9 0 -2 8 -1 6 N 1 SW¼SW¼SW¼ sec. 16 Earl Knudson DR 127 5 - 4 I 123
90-28-18D1 NW¼NW¼NW¼ sec.18 V. A. Anderson Dg 52 36 R 52? L H
90-28-18D2 NW¼NW¼NW¼ sec.18 V. A. Anderson DR 89.0 5 I L W
90-28-18E 1 SW¼SW¼NW¼ sec.18 Aaron Thompson DR 180 5 I 120
90-28-19N1 SW¼SW¼SW¼ sec. 19 W. L. Mitchell Dg
30 30 R 30? L H
(90-28-24J 1 ) SE¼NE¼SE¼ sec. 24 C. S. Knudson DR 164 5 I 153 L E
90-28-25A1 NE¼NE¼NE¼ sec. 25 Samuel Larson DR 459 5 I L E
90-28-25D1 SE¼NW¼NW¼ sec. 25 O. J . Larson DR 151 6 I L W
(90-28-27E 1 ) SW¼SW¼NW¼ sec. 27 E. McGill DR 149 5 I 89
90-28-28A1 NE¼NE¼NE¼ sec. 28 Frank Cronin B 50.0 12 T L E
90-28-31P 1 S W ¼ S E ¼ S W ¼  sec. 31 E. Otto DR 193 5 I 166
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Dolomite Osagian 1,130 22 May 1943 D, S Reported yield, 15; draw- 
down, 12.
Drift Pleistocene Top of platform 1.6 (1, 140) 4.92 Aug. 13, 1942 D
Sandstone? St. Louis Top of casin g 1.0 (1, 140) 29.88 Aug. 13, 1942 D, S Temperature, 50°F.
Sandstone St. Louis 1,130 48 Aug. 1945 D, S Reported yield, 16; email 
drawdown.
Dolomite Osagian Top of platform 1.0 (1, 136) 23.49 Aug. 14, 1942 D, S
Limestone Gilmore City 1,145 32 1944 D, S
Drift Pleistocene Top of well curb 1.0 (1,135) 41.92 Aug. 14, 1942 D, S
Limestone Gilmore City (1,135) 51 Nov. 1948 D, S Reported yield, 12; small 
drawdown.
Gravel Pleistocene Top of platform 1.0 (1,135) 14.93 Aug. 20, 1942 D Gravel reported to  rest on 
bedrock.
Dolomite Osagian (1,135) 17 1941 D
Gravel Pleistocene (1, 135) 19 July 1940 D
Sand Pleistocene Top of casin g 0 (1, 135 7.40 Aug. 19, 1942 Un
Dolomite Osagian 1,135 15 1947 I Reported yield, 60 ; small 
drawdown.
Drift Pleistocene Top of casin g 0.2 (1, 135) 5.74 Aug. 19, 1942 D Well reported to  be dry 
during dry periods.
Sand Pleistocene Top of casin g 0 (1,135) 7.92 Aug. 11, 1942 D
Drift Pleistocene Top of platform 1.6 (1,130) 24.91 Aug. 17, 1942 D, S W ater reported hard, high 
iron content.
Dolomite Hampton 1,135 42 Sept. 1947 D, S Reported yield, 45; draw- 
down, 45.
Sandstone St. Louis 1,130 115 M arch 1946 D, S Reported yield, 9; draw- 
down, 13.
Drift Pleistocene Top of platform 1.0 1,125 7 .68 Aug. 19, 1942 Un
Limestone Kinderhookian 1,125 105 June 1945 D, S Reported yield, 7; small 
drawdown.
Drift Pleistocene Top of casing 1.3 (1,155) 4 .56 Aug. 13, 1942 Un
Drift Pleistocene Top of platform 1.6 (1, 150) 9.20 Aug. 13, 1942 D, S
Drift Pleistocene Top of casin g 1.6 (1, 140) 18.17 Aug. 13, 1942 S Adequate supply reported
Drift Pleistocene Top of platform 1.4 4.37 Aug. 12, 1942 Un
Limestone? M ississippian Top of casin g 0 (1, 110) 33.52 Aug. 12, 1942 Un Report very small supply.
Dolomite Hampton 1, 135
Drift Pleistocene Top of platform 0 .2 (1,130) 7 .05 Aug. 14, 1942 D
Dolomite Osagian 1,150 52 July 1951 D, S Reported yield, 13; draw- 
down, 33; lower part of 
casing perforated.
Sandstone? St. Louis Top of casin g 1.0 (1, 130) 30.75 Aug. 14, 1942 D, S
Drift Pleistocene Top of casin g 1.0 (1, 130) 6.47 Aug. 14, 1942 Un
Sand Pleistocene 1,165 1948 D, S
Limestone Gilmore City Top of casing 1.0 (1, 155) 40 Aug. 1942 M Yield, 23; temperature, 
50°F.
Limestone Kinderhookian 1,155 85 Feb. 1948 M Reported yield, 55; draw- 
down, 102.
Drift Pleistocene Top of casing 0 .5 (1, 155) 6 .52 Aug. 12, 1942 Un N ot used because of con- 
tamination.
Sand Pleistocene Top of platform 1.1 (1 , 155) 10.13 Nov. 16, 1942 D
Drift Pleistocene Top of casin g 0 .3 (1, 145) 7.20 Aug. 12, 1942 Un
Sandstone S t. L ou is 1,130 54 Feb. 1946 D, S Reported yield, 13; draw- 
down,  16.
Drift Pleistocene Top of platform 0 .3 18.92 Aug. 14, 1942 D, S Temperature, 49°F.
Sandstone D e s m o i nesian Top of platform 2 .0 39.43 Aug. 14, 1942 S
Dolomite Osagian 1,130 70 April 1946 D, S Reported yield, 5; draw- 
down, 47 after 20 hours
pumping.
Sand Pleistocene Top of platform 0 (1, 110) 17.17 Aug. 17, 1942 D
Sandstone St. Louis 1,125 99.2 May 1945 D, S Reported yield, 7; draw- 
down, 6.
Dolomite Hampton 1,125 90 Nov. 1942 D, S Temperature, 50°F.
Sandstone St. Louis (1, 120) 100 Aug. 1942 D, S
Sandstone St. Louis 1,130 84 Nov. 1942 D ,S Temperature, 50°F.
Drift Pleistocene Top of platform 0.4 (1, 125) 18.62 Aug. 17, 1942 D, S Temperature, 49°F.
Dolomite Osagian 1,115 90 May 1947 D, S Reported yield, 7; draw- 
down, 32.
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TABLE 11. RECORDS OP TYPICAL WELLS
Well number Location Owner or name
Well construction
Method 
of lift
Type
Depth
(feet)
Diam-
eter
(inches)
Casing
Pump PowerType
Depth
(feet)
90-28-32N1 SE¼SW¼SW¼ sec. 32 A. & C. Evenson Dg 14.6 24 B L H
90-28-34Q1 SW¼SW¼SE¼ sec. 34 J .  A. McGill B 49 .5 12 T L H
 90-28-35D1 SW¼NW¼NW¼ sec.35 E . I. Oleson DR 220 5 I 166
90-29-3Q1
T. 90 N ., R. 29 W . 
NW¼SW¼SE¼ sec. 3 Louis Schuster DR 66 5 I 56
9 0 - 2 9 - 6 Q 1 SW ¼SW ¼SE¼ sec. 6 Albert Licht DR 60 5 I 40
90-29-7A1 N E¼N E¼NE¼ sec. 7 M. Scheidemnnn DR 43.0 6 I
90-29-9F1 SE¼SE¼NW¼ sec. 9 C. Driscoll B 42.9 12 T L W
(90-29-9K1) N E¼NW¼SE¼ sec. 9 H. & M. Neimeyer DR 91 5 I 48
90-29-11E 1 SE¼SW¼NW¼ sec. 11 John Schusler DR 26.8 42 L G90-29-14P1 SW¼SE¼SW¼ sec. 14 Alvin Behrens DR 155 5-  4 I 155
90-29-23R 1 NE¼SE¼SE¼ sec. 23 A. Jacobs Dg 40.5 30 T L H
90-29-23R2 NE¼SE¼SE¼ sec. 23 A. Jacobs DR 193 5 - 4 I 167
90-29-24C 1 NW¼N E¼NW¼ sec. 24 O. M aher Dg 35 30 B
90-29-25D1 NW¼NW¼NW¼  sec. 25 M. L. Sm ith DR 191 5-  4 I (105)
90-29-25E 1 SW¼SW¼NW¼ sec. 25 School District B 19.5 6 T
  90-29-29 B 1 N E¼ N W ¼ N E ¼  sec. 29 W. C. Ulrich DR 252 5-  4 I (95)
90-29-33M1 NW¼NW¼SW¼ sec. 33 Walter Seltz DR 136 5 I 64
90-30-2R 1
T .  90 N ., R .  30 W. 
SE¼SE¼SE¼ sec. 2 L. Westmoreland B 47.7 16 T L H
 (90-30-3A1) NE¼NE¼NE¼ sec. 3 E. F . Beeb DR 105 6 I 128
 90-30-3A2 NW¼NE¼NE¼ sec. 3 E .  F .  B e e b DR 160 8
 90-30-4E 1 SW¼SW¼NW¼ sec. 4 Albert L icht DR 1,105
90-30-4Q1 SW¼SW¼SE¼ sec. 4 C. R . Westmorela n d B 69 24 T L H, W
90-30-6R 1 SW¼SE¼ SE¼ sec. 6 M. McMahon B 27.5 14 T, S 27.5 L H
(90-30-15M1) SW¼NW¼SW¼ sec. 15 R. E. Mason D R
90-324N1 SE ¼ S W ¼ S W ¼  sec. 24 Catholic church and school DR 180 5 I 151
90-30-24N2 SW¼SW¼SW¼ sec. 24 Town of Clare DR 180 L G
90-30-26A1 NW¼N E¼N E¼ sec. 26 Webster County B 37.0 T L H
90-30-31A1 SE¼NE¼NE¼ sec. 31 W. J . Jandle B 95 14 T L W
90-30-32D1 SW¼NW¼NW¼ sec. 32 W .  J .  J a n d l e B 73.7 14 T L H
90-30-32D2 SW¼NW¼NW¼ sec. 32 W .  J .  J a n d l e Dg 15.1 24 T L H
 (90-30-35Q 1) SW¼SW¼SE¼ sec. 35 Erling Malmin DR 710 6- 5 I 697
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Principal water-bearing beds Measuring point
Water level
Use
of
water
Remarks (yield given 
in gallons a  minute; 
drawdown in feet)
Altitude 
of l a nd 
surface 
(feet)
Dis-
tance
of
water
level
above (+)orbelow
land
surface
(feet)
Date of 
measurement
Dis-
tance
above
or
below
land
surface
(feet)
Character 
of material
Geologic
subdivision
Description
Sand Pleistocene Top of casing, 
east sid e
0.4 (1, 100) 3 .79 Aug. 18, 1942 S Unsatisfactory supply re- 
ported.
Drift Pleistocene Top of casing 0 .9 (1,125) 5.66 Aug. 20, 1942 Un Unused because of small 
yield.
Sandstone St.  Louis 1,125 112 Jan. 1940 D, S Reported yield, 11; small 
drawdown.
Sandstone S t . Louis 1, 130 36 Oct. 1949 D , S Reported yield, 10; small 
drawdown.
Limestone S t . Louis 1,150 19 1946 D, S Reported yield, 35; small 
drawdown.
Limestone St. Louis Top of casing 0 .9 Oct. 23, 1942 S Yield, 5; pumping level, 
37.68.
Gravel Pleistocene Top of concrete 
curb
1.1 20.66 Oct. 21, 1942 D, S
Dolomite S t  Louis 1,140 Flow 1947 D, S
Sand Pleistocene Top of platform 0 .6 (1, 130) 15.52 Oct. 23, 1942 D, S Adequate supply reported.
Dolomite Osagian 1,120 45 1950 D, S Casin g  perforated near 
bottom.
Sand and 
gravel
Pleistocene Top of casin g 1.1 (1, 120) 36.08 Oct. 23, 1942 D, S Inadequate supply report- 
ed.
Sandstone? Osagian (1, 120) 115 1946 D, S
Drift Pleistocene Top of wood plank 1.5 (1, 100) 9 .07 Aug. 17, 1942 Un
Dolomite Osagian 1, 105 91 1949 D , S 78 feet of 4-inch casing on 
bottom.
Drift Pleistocene Top of casing 0 .6 (1, 135) 4.76 Oct. 23, 1942 Un
Limestone Gilmore City 1,175 50 May 1948 D, S Reported yield, 4.5 ; draw- 
down, 103; 44 feet of 4- 
inch casin g  on bottom, 
perforated.
Dolomite Osagian 1, 115 51 1948 D, S Reported yield, 16; draw- 
down, 16.
Drift Pleistocene Top of concrete p it 
curb
0 .2 16.85 Oct. 21, 1942 D
Sandstone Cretaceous 1,175 13 Oct. 1947 D, S Reported yield, 40; draw- 
down, 7; temperature, 
51°F.
Shale Cretaceous 1,175 Test hole; dry and aban- 
doned.
Sandstone Cretaceous (?) 1,200 Reported yield small.
Drift Pleistocene Top of casing 1.6 13.84 Oct. 21, 1942 D, S
Sand Pleistocene Top of casing 0.3 13.12 Oct. 21, 1942 D
Sandstone Cretaceous Temperature, 53°F.
Sandstone Cretaceous 1, 215 118 1950 PS Reported yield, 14; draw- 
down. 12.
Sandstone Cretaceous Un Well not used since 1930; 
reported filled with sand.
Sand Pleistocene Top of platform 0.3 10.85 O c t 21, 1942 D
Sand Pleistocene Top of well curb 0.2 19.98 O c t 21, 1942 D, S
Drift Pleistocene Top of platform 0 8 .00 O c t 21, 1942 D
Drift Pleistocene Top of casin g 2.2 4.38 O c t 21, 1942 S
Sandstone Cretaceous 1,150 50 Aug. 1948 D, S Reported yield, 28; draw- 
down, 32.
TABLE 12. DEPTH INTERVALS OF GEOLOGIC UNITS TO THE BASE OF THE HAMPTON FORMATION AT VARIOUS 
WELLS IN WEBSTER COUNTY (determined by studies of well cuttings).
An asterisk before well no. indicates th a t a generalized log is given in the following section on well logs.
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Well number Location Owner or name
Altitude 
of land 
surface
(feet)
Year
drilled
Depth 
of well 
(feet)
Pleistocene Cretaceous Permian(?)
Pennsyl-
vanian Mississippian
Des -
moinesian Meramecian Osagian Kinderhookian
Undiffer-
entiated
(feet)
Undiffer-
entiated
(feet)
Fort Dodge
formation
(feet)
Undiffer-
entiated
(feet)
Ste .
Genevieve
formation
(feet)
St. Louis 
limestone 
(feet)
Undiffer-
entiated
(feet)
Gilmore
City
formation
(feet)
Hampton
formation
(feet)
*86-28-2P1
T. 88 N., R. 28 W. 
SE¼SE¼SW¼ sec. 2 E . and K. Gabrielson 1,140 1947 720 0-180 180-318 318- -445 445-560 560-707
86-28-14H2 SW ¼SE¼NE¼ sec.14 Dayton, town wel l 1 1,120 1895 688 0-163 163-395 395-418 418-535 535-688+
*86-29-13C1
T. 86 N., R. 29 W. 
SW¼N E¼NW¼ sec. 13 Harcourt, town wel l 1,170 1939 1,092 0-180 180-380 380-425 425-500 500-625 625-775
86-29-35C1 N E¼N E¼NW¼  sec. 35 Emil Rohden 1,170 1949 260 0-184 184-260+
86-30-1P2
T . 86 N., R. 30 W. 
SE¼SE¼SW¼ sec. 1 Gowrie, town well 2 1,140 1926 1,842 0-150 150-310 310- -390 390-480 480- -750
*86-30-1Q1 NW¼SW¼SE¼ sec. 1 Gowrie, town well 3 1,140 1950 250 0-249 249-250+
86-30-15P1 SE¼SE¼SW¼ sec. 15 C. J . Johnson 1,115 1951 112 0-112+
87-28-6D1
T .  8 7 N . , R. 28 W.
NE¼NW¼ NW¼ sec.  6 C. A. Tapper Estate 1,125 1950 a  l25 0-146 146-153+
*87-28-12J2 SE¼N E¼SE¼ sec. 12 Lehigh, town well 2 945 1937 1,005 0-30 30-188 198-232 232-330 330-497
87-28-19JI SE¼N E¼SE¼ sec. 19 Franklin Larson 1,145 1950 185 0-125 125-185+
*87-28-30C1 N E ¼ N E ¼ N W ¼  sec. 30 Otto Klin g 1, 150 1949 186 0-122 122-186+
*8 7 -2 9 -3 R 1
T. 87N ., R . 29 W . 
 SE¼ sec. 3 Richard P aul 1,150 1950 380 0-120 120-220 220-245 245-295 295-375 375-380+
87-29-17A1 NW¼NE¼NE¼ sec. 17 Lydia Hayek 1, 170 1939 174 0-125 125-174+
87-29-23Q1 SW¼SW¼SE¼ sec. 23 Kenneth Larson 1,165 1950 151 0 - 151+
87-30-3C 1
T. 87N., R . 29 W . 
N W ¼ N E ¼ N W ¼  sec. 3 W. R . Ingram 1, 165 1948 108 0-108+
*87-30-I2E1 SE¼SW¼NW¼ sec. 12 Callender, town well 1 1,150 1938 727 0-118 118-275 275-310 310-410 410-510 510-727
87-30-13B1 NW¼NW¼NE¼ sec. 13 H. G . Anderson 1,150 1948 395 0-120 120-315 315-340 340-395+
87-30-13E1 SW¼SW¼NW¼ sec. 13 Alvin Jorgensen 1,150 1948 97 0-97
87-30-28C1 NW¼NE¼NW¼ sec. 28 R . E. Peterson 1,160 1950 b  l55 0-162 162-172
*87-30-35H 1 SE¼SE¼NE¼ sec . 35 Elsa Meckley 1,145 1950 357 0-205 205-285 285-307 307-357
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*88-27-3D1
T .88 N., R. 27 W. 
SW¼NW¼NE¼ sec. 3 Duncombe town 1,115 1945 974 0-235 235-280 280-405 405-555
88-27-11 J 1 SE¼NE¼SE¼ sec. 11 H .J .  Dunbar 1,110 1945 170 0-170+
88-27-11N1 SW¼SW¼SW¼ sec. 11 Peter Ostbl o m 1,110 1948 209 0 -209+
88-27-21M1 NW¼NW¼SW¼ sec. 21 Wi l l i a m  M a r t i n 1,100 1949 168 0-168 +
88-27-32N1 SE¼SW¼SW¼ sec. 32 C . E . Sonnickson 1,100 1950 340 0-120 120-265 265-290 290-340+
88-28 - 3 E 1
T.88 N ., R . 28 W . 
SW¼SW¼NW¼ sec. 3 E .  & H. Rogers Estate 1,110 1947 350 0-55 55-65 65-170 170-210 210-290 290-350+
*88-28-5D2 N W ¼ N W ¼ N W ¼  sec. 5 Certain-teed Products 
wel  4 1,115 1950 2 ,060 0-55 55-65 65-140 140-197 197-245 245-325 325-420 420-595
88-28-6M1 NE¼NW¼SW¼ sec. 6 V ice n t Clay Products Co. 980 1948 355 0-50 50-105 105-160 160-260 260-355+
88-28-8H1 SE ¼ S E ¼ N E ¼  sec. 8 John Fr a n d s o n  1,110 1948 350 0-40 40-160 160-210 210-310 310-350+
88-28-8R 1 NW¼SE¼SE¼ sec. 8 J o r d i n s o n  S t o r e 1,110 1946 240 0-60 60-210 210-223 223-246+
88-28-9H 1 SE ¼ S E ¼ N E ¼  sec. 9 H . I. M oore 1,115 1949 188 0-53 53-150 150-178 178-188+
88-28-9J1 N E ¼ N E ¼ S E ¼  sec.9 W. W. Bowen 1,115 1939 313 0-30± 30±-150 150-190 190-220 220-313 +
88-28-1 1 C 1 NE¼NE¼NW¼ se c . 11 Carl Zimmerman 1,115 299 0-70 70-155 155-180 180-235 235-299+
88-28-13F1 SE¼SE¼NW¼ sec. 13 Glen Spike 1,105 1948 208 0-50 50-208+
88-28-18E1 NW¼SW¼NW¼ sec. 18 T . B. Opland 1,115 1947 241 0-60 60-175 175-225 225-241+
88-28-31D1 N E ¼ N W ¼ N W ¼  sec. 31 J .  Y. Wickersham 1,125 1943 370 0-85 85-260 260-350 350-370+
88-28-34D1 SW¼NW¼NW¼ sec. 34 Alfred Jensen 1,110 1950 187 0-60 60-187+
88-29-1A1
T.88 N ., R . 29 W . 
N E¼N E¼N E¼ sec. 1 National Gypsum Co 1, 125 1945 273 0-68 68-90 90-195 195-249 249-273+
8 8 -2 9 -4 A 1 N E¼N E¼N E¼ sec. 4 Anna Reilly 1,125 1930 246 0-85 85-120 120-190 190-246+
88-29-9L1 SE¼NE¼SW¼ sec. 9 Anna  Sullivan 1,145 1950 256 0-82 82-123 123-143 143-203 203-256+
88-30-13C2
T.88 N ., R . 30 W . 
SW¼NE¼NW¼ sec. 13 E.  Whannel 1,155 1948 319 0-137 137-142 142-262 262-319+
88-30-13D1 NE¼NW¼NW¼ sec. 13 Moorland Cons. School 1,150 1945 325 0-110 110-130 130-240 240-325+
88-30-13J1 SW¼NE¼SE¼ sec. 13 Julia Fi l a n 1,135 1947 236 0-95 95-170 170-220 220-236+
88-30-13M1 N W ¼ N W ¼ SW ¼  sec. 13 M. Ba r r e t t  1, 140 1947 262 0-115 115-160 160-183 183-220 220-262+
88-30-21N 1 NW¼SW¼SW¼ sec. 21 Andrew Sorenson 1,160 1950 138 0-138+
88-30-24N1 SW¼SW¼SW¼ sec. 24 E . Thomas 1,160 1942 152 0-150± I50± -152+
88-30-24R 1 SW¼SE¼SE¼ sec. 24 V. A. F i a l a 1,145 1950 245 0-100 100-140 140-150 150-210 210-245+
*88-30-26A1 SE¼NE¼NE¼ sec. 26 Howard Loehr 1,160 1950 162 0-140 140-162+
88-30-27N1 SW¼SW¼SW¼ sec. 27 H . R . Fiderl ick 1,145 1945 376 0-185 185-230 230-325 325-376+
88-30-35M 1 S W ¼ N W ¼ SW ¼  sec. 35 V. Warner 1, 160 1948 234 0-160 160-190 190-215 215-234+
*89-27-7A2
T.89 N ., R . 27 W . 
N E ¼ N E ¼ N E ¼  sec. 7 Erwin Dencklau 1,125 1949 873 0-120 120-190 190-255 255-365 365-545
89-27-13M 1 N W ¼ N W ¼ S W ¼  sec.13 William Anderson 1,120 1948 269 0-170 170-190 190-255 255-269+
89-27-24Q1 S W ¼ SW ¼ SE ¼  sec. 24 Myron Erickson 1,105 1948 205 0-185 185-205+
89-28-6D1
T.89 N ., R . 28 W . 
N W ¼ N W ¼ N W ¼  sec. 6 Roy Baker 1,015 1951 230 0-20 20-50 50-140 140-230+
89-28-6E1 S W ¼ SW ¼ N W ¼  sec. 6 Dawson and Breen 1,005 1949 110 0-20 20-57 57-110+
89-28-8L1 NE¼NE¼SW¼ sec. 8 A. Weiss 1,120 1949 248 0-40 40-100 100-165 165-240 240-248+
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Well number Location Owner or name
Altitude 
of land 
surface 
(feet)
Year
drilled
Depth 
of well 
(feet)
Pleis-
tocene Cretaceous Permian(?)
P ennsy l-
vanian Mi ssissippian
Des-
moinesian Meramecian Osagian Kinderhookian
Undiffer-
entiated
(feet)
Undiffer-
entiated
(feet)
Fort Dodge 
formation 
(feet)
Undiffer-
entiated
(feet)
Ste.
Genevieve
formation
(feet)
St. Louis 
limestone 
(feet)
Undiffer-
entiated
(feet)
Gilmore
City
formation
(feet)
Hampton
formation
(feet)
89-28-8P1 N E¼SE¼SW¼ sec. 8 Clifford Messe r l y 1,125 1951 290 0-6 4 64-102 102-215 215-290+
89-28-9Q1  SW¼E sec. 9 Christopher Weyen 1,110 1945 200 0-50 50-95 95-172 172-200+
89-28-14R1 SW¼SE¼SE¼ sec. 14 Clarence Ping e l 1,120 1945 192 0-130 130-175 175-192+
89-28-18K1 NW¼NW¼SE¼ sec. 18 Louis Charon 1,055 1930 94 0-10 10-70 70-94+
89-28-19K2 S E ¼NW¼SE¼ sec. 19 Fort Dodge Creamery, 
well 2 1,065 1940 404 0-75 75-90 90-132 132-175 175-265 265-360 360-401+
89-28-19L4 SE¼NE¼SW¼ sec. 19 Fori Dodge, city well 8 980 1923 c 500 0 - -170 170-240 240-310 310-480
89-28-19L11 NW¼NE¼SW¼ sec.19 Fort Dodge, city well 14 980 1935 980 0 - -190 190-250 250-300 300-385 385-485 485-655
*89-28-19L12 SE¼N E¼SW¼ sec. 19 Fort Dodge, city well 15 980 1949 2,307 0-20 20-180 180-250 250-305 305-395 395-465 465-655
*89-28-19P5 NE¼SE¼SW¼ sec. 19 Cargill, Inc. 990 1950 1,190 0-5 5-35 35-80 80-125 125-215 215-310 310-490
89-28-22A1 N E¼N E¼N E¼ sec. 22 G. H. Halverson 1,110 1945 148 0-95 95-100 100-145 145-148+
*89-28-26E1 NW¼SW¼NW¼ sec. 26 Certain-teed Products 1,115 1946 247 0-45 45-65 65-80 80-140 140-185 185-247+
89-28-31R 1 SE¼SE¼SE¼ sec.31 H. Peschau 975 1944 170 0-30 30-90 90-100 160-170+
89-28-32N1 SW¼SW¼SW¼ sec. 32 Peterson Bros. 970 1944 325 0-40 40-130 130-180 180-220 220-320 320-325+
89-29-1K1
T .  89 N., R.2 9  W.
SW ¼NW ¼SE¼ sec. 1 R. H. Caste l l 1,005 1949 200 0-10 10-55 55-145 145-200+
89-29-1P1 SW¼SE¼SW¼ sec. 1 E. Zenke 1,000 1946 105 0-10 10-15 15-64 64-105+
89-29-12G1 SW¼SW¼NE¼ sec. 12 L. V. Rogers 1,005 1946 97 0-10 10-55 55-97+
89-29-14H1 SE¼SE¼NE¼ sec. 14 O. D. Walton 1,105 1948 153 0-107 107-153+
*89-29-20N1 NW¼SW¼SW¼ sec. 20 Swaney Motor Co. 1, 160 1948 290 0-125 125-155 155-270 270-290+
*89-29-31F1 NE¼SE¼NW¼ sec. 31 A. J . Crawford 1,170 1948 165 0-135 135-160 160-165+
*89-30-2Q1
T .8 9  N., R .  30 W. 
SE¼SW¼SE¼ sec. 2 V. F. Lentsch 1,150 1946 623 0 - l  I5± 115± - 623+
*89-30-11R 1 NE¼SE¼SE¼ sec.11 V. & M. McLaughlin 1,175 1946 671 0-140 140-170 170-230 230-310 310-450± 450±-585
90-27-2A1
T .9 0  N., R .  27 W.
NE¼NE¼NE¼ sec. 2 N. A. Christensen 1, 130 1943 121 0-80 80-97 97-121+
9 0 -2 7 -8 Q 1 SW¼SW¼SE¼ sec. 8 R . Croden 1,130 1945 153 0-144 144-153+
90-27-11Q1 SW¼SW¼SE¼ sec. 11 J .  L. Reddick 1,145 1944 196 0-60 60-75 75-170 170-198+
90-27-16B1 NW¼NW¼NE¼ sec. 16 W. O. Christopher 1,135 1948 98 0-55 55-98+
90-27-22L1 SE¼NE¼SW¼ sec. 22 Vincent Locker P lan t 1,135 1947 121 0-95 95-121+
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*90-27-28D1 NE¼NW¼NE¼ sec. 28 J .  M. Engels 1, 135 1947 420 0-85 85-100 100-170 170-270 270-420+
90-27-29F1 NW¼SE¼NW¼  sec. 29 M. L. Sylvester 1, 130 1946 210 0-125 125-175 175-205 205-210+
*90-27-31N 2 SW¼SW¼SW¼ sec. 31 C. S. Knudson 1,125 1945 405 0-70 70-110 110-140 140-185 185-265 265-380 380-405+
9 0 -2 8 -6 R 1
T. 90 N.,  R . 28 W. 
SE¼SE¼SE¼ sec. 6 H. & W. Waso m 1, 135 1945 330 0-140 140-150 150-210 210-310 310-330+
90-28-10FI SW¼SE¼NW¼ sec.10 Iver Amdahl 1,150 1951 193 0-112 112-163 163-181 181-193+
90-28-12M 1 N W ¼ N W ¼ SW ¼  sec. 12 Berton Anderson 1, 165 1948 105 0-105+
*90-28-15D2 NW¼NW¼NW¼ sec.15 Badger, town well 2 1, 155 1948 530 0-140 140-165 165-245 245-340 310-525
90-28-16N1 SW¼SW¼SW¼ sec. 16 Earl Knudson 1, 130 127 0-90 90-127+
90-28-18E 1 SW¼SW¼NW¼ sec. 18 Aaron Thompson 1,130 1946 180 0-65 65-100 100-115 115-180+
90-28-24J1 S E ¼ N E ¼ S E ¼  sec. 24 C . S. Knudson 1,125 1945 164 0-120 120-145 145-153 153-164+
90-28-25A1 NE¼NE¼NE¼ sec. 25    Samuel Larson 1, 125 1931 459 0 - (d) -135 135-180 180-250 250-350 350-459+
90-28-27E1 SW¼SW¼NW¼ sec. 27 E . McGill 1, 130 1942 149 0-87 87-145 145-149+
90-28-31P 1 SW¼SE¼SW¼ sec. 31 E . O tto 1,115 1947 193 0-70 70-100 100-140 140-193+
*90-28-35D 1 SW¼NW¼NW¼ sec. 35 E . L. Oleson 1, 125 1946 220 0-70 70-102 102-155 155-165 165-220+
90-29-3Q1
T. 90 N ., R . 29 W. 
NW¼SW¼SE¼ sec . 3 Louis Schuster 1,130 1949 66 0-53 53-66+
90-29- 6 Q 1 SW¼SW¼SE¼ s e c .6 Albert Licht 1, 150 1946 60 0 - 40 40-60+
90-29-9K1 NE¼NW¼ SE¼ sec.9 H. & M. Neimeyer 1,140 1947 91 0 -40 40-85 85-91+
90-29-14P l SW¼SE¼SW¼ sec. 14 Alvin Behrens 1, 120 1950 155 0-75 75-101 101-155+
90-29-25D1 NW¼NW¼NW¼ sec. 25 M .L . Sm ith 1, 105 1949 191 0-105 105-125 125-135 135-191+
*90-29-29B1 N E ¼ N W ¼ N E ¼  sec. 29 W. C. Ulrich 1, 175 1948 252 0-77 77-108 108-185 185-252+
90-29-33M1 NW¼NW¼SW¼ sec. 33 W alter Se l t s 1,145 1948 136 0-55 55-120 120-136+
*90-30-3A1
T. 90N ., R. 30 W. 
NE¼NE¼NE¼ sec. 3 E. F. Beeh 1,175 1947 165 0-95 95-165 +
*90-30-3A2 NW¼NE¼NE¼ sec. 3 E. F. Beeh 1, 175 1947 160 0-90 90-160+
*90-30-4E 1 SW¼SW¼NW¼ sec. 4 Albert L icht 1,200 1950 1,105 0-110 110-1105+
*90-30-24N 1 SE¼SW¼SW¼ sec. 24 St. M atthew's Church 1,215 1950 180 0-125 125-180+
*90-30-35Q1 SW¼SW¼SE¼ sec. 35 Erwin M almin 1,150 1948 710 0-80 80-710+
a Drilled to depth of 153 feet; plugged back to 125 feet. 
b Drilled to depth of 172 feet; plugged back to 155 feet. 
c Drilled to depth of 1,436 feet; has filled back to about 500 feet. 
d Thickness of Pennsylvanian unknown.
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W ELL LOGS
86-28-2P1. D riller’s  and sam ple log of E . and K. Gabrielson 
farm  well n ear D ayton in  the  S E ¼  S E ¼  SW ¼  sec. 2, T. 86 N., 
R. 28 W. Drilled in  1947 by H arold Rasm ussen, Callender. 
A ltitude of land surface, 1,140 feet. Sam ple study  by  R. W. 
Screven. D riller's  log to  447 feet.
 Thick n ess   (
fe e t)
D e p th
( fe e t)
P le is to c e n e  sy s te m :
U n d if fe re n tia te d  b ed s  (1 8 0  f e e t  t h i c k ) :
T ill, ye llow  24 24
T ill, b l u e 86 110
S a n d  1 111
T ill, b l u e 69 180
P e n n s y lv a n ia n  s y s te m :
D esm o in e s ia n  s e r ie s :
U n d if fe re n tia te d  b e d s  (1 3 8  f e e t  t h i c k ) :
S h a le  54 234
C oal 3 237
S h a le  13 250
S la te  2 252
S h a le 8 260
S la te  4 264
S h a le  54 318
M iss is s ip p ia n  s y s te m :
M e ra m e c ian  s e r ie s :
S t. L o u is  lim e s to n e  (34  fe e t  t h i c k ) :
L im e s to n e   9 327
S h a le  3 330
L im esto n e , s o f t  22 352
O sa g ia n  se rie s .
U n d if fe re n tia te d  b e d s  (93  fe e t  t h i c k ) :
S h a le , g re e n   10 362
L im esto n e , b ro w n   8 370
S h a le , d a r k  8 378
L im e s to n e   42 420
S h a le , d a r k  8 428
L im e s to n e   17 445
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M iss iss ip p ian  s y s te m — C o n tin u ed : 
K in d e rh o o k ia n  s e r ie s :
G ilm o re  C ity  lim e s to n e  (1 1 5  fe e t  th ic k ) :
L im esto n e , c re a m , b u ff, f r a g m e n ta l ,  
o o lit ic ;  t r a c e  o f  p y r i t e 1 15 560
H a m p to n  fo rm a tio n  (1 4 6  f e e t  t h i c k ) :
D o lo m ite , l ig h t-b ro w n , fine ly  to  m e d iu m  
c ry s ta l l in e ;  so m e  lim esto n e , b u ff, fine- 
ly  c ry s ta l l in e  10 570
L i m e s t o n e ,  b u ffish -w h ite , su b lith o -  
g ra p h ic  30 600
L im esto n e , b uffish -b row n , m ed iu m  sac - 
c h a ro id a l ;  t r a c e  o f  s a n d , f ro s te d , 
ro u n d  26 626
D olo m ite , g ra y ish -b ro w n , fine ly  g r a n - 
u l a r ;  so m e c h e r t , g ra y , g r a n u la r ,  
s p e c k le d 15 641
D olom ite , a s  a b o v e ; lim e s to n e  buff, su b - 
l i th o g ra p h ic ; t r a c e  o f  sa n d s to n e , 
g r a y ,  fine to  m e d iu m 11 652
D olom ite , g ra y , finely  g r a n u la r ;  som e 
c h e r t ,  w h itish -b u ff , m o t t l e d 8 660
D olo m ite , d a rk -g ra y is h -b ro w n , finely  
g r a n u la r ,  s i l ty , c h e r ty , a rg il la c e o u s ; 
so m e c h e r t ,  g ra y , g r a n u la r ,  m o tt le d ;  
sm a ll a m o u n t o f  lim esto n e , b u ff, l ith o - 
g r a p h ic  to  su b li th o g ra p h ic 38 698
L im esto n e , b u ff, l i th o g ra p h ic  to  finely  
c ry s ta l l in e ;  lim esto n e , w h ite , g ra y , 
buff, m o ttle d , finely  to  m ed iu m  c ry s - 
ta ll in e , f o s s i l i f e ro u s ; t r a c e  o f  s a n d , 
su b ro u n d e d , f ro s te d  8 706
D ev o n ian  sy s te m :
U p p e r  D ev o n ian  s e r ie s :
Sheffield  s h a le  (1 4  fe e t  p e n e t r a t e d ) :
N o  s a m p le s 13 719
S h a le 1 720 T .D .
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86-29-13C1. Sam ple log o f H arcou rt town well in  th e  SW ¼  
N E ¼ N W ¼  sec. 13, T. 86 N., R. 29 W. Drilled in  1939 by 
McCutchen Well Co., Des Moines. A ltitude of land surface, 
1,170 feet. Sam ple study by J . B. C arrier.
 Thickness
 (fe e t)
D e p th
( fe e t)
P le is to c e n e  sy s te m .
U n d if fe re n tia te d  b ed s  (1 8 0  fe e t  t h i c k ) :
N o  s a m p l e 5 5
T ill, b ro w n ish -g ra y , c a lc a reo u s 10 15
T ill, g ra y , c a lc a reo u s  55 70
S a n d  a n d  g ra v e l, h e te ro g e n e o u s 5 75
N o  sa m p le  10 85
S a n d  a n d  g ra v e l, h e te ro g e n e o u s  5 90
T ill, g ra y , c a lc a re o u s 20 110
S a n d  a n d  g ra v e l, h e te r o g e n e o u s 5 115
S ilt, b ro w n , so m e  c a rb o n a c eo u s  m a te r ia l 2 117
C lay , g ra y -b ro w n , s lig h tly  c a lc a re o u s 8 125
S a n d  a n d  g ra v e l 10 135
T ill, b ro w n , c a lc a r e o u s 20 155
N o  sa m p le  5 160
C lay , b ro w n , p eb b ly , c a lc a reo u s  10 170
S an d , c o a rse  to  v e ry  co a rse , h e te ro
g en eo u s 10 180
P e n n s y lv a n ia n  sy s te m :
D esm o in e s ia n  s e r ie s :
U n d if fe re n tia te d  b ed s (1 9 5  f e e t  t h i c k ) :
S h a le , g ra y , s o f t ,  s ilty , c a lc a r e o u s 10 190
S h a le , re d , c a lc a reo u s  5 195
S a n d s to n e , lig h t-b u ff , v e ry  fine, s ilty , 
c a lc a re o u s  5 200
S h a le , lig h t-b u ff , s o f t 10 210
S h a le , l ig h t  to  d a rk -g ra y , t r a c e  o f 
b ro w n , s o f t ,  som e m icaceo u s 30 240
S a n d s to n e , m e d iu m -g ra y , fine, m ic a
ceous, sp eck led  b lack , c a lc a r e o u s 10 250
S a n d s to n e , lig h t-g ra y , m ed iu m , a n g u
la r ,  p o o rly  f r o s t e d 5 255
S h a le , b lack , n o n la m in a te d , c a lc a reo u s 10 265
S h a le , d a rk -g ra y , so m e coal 5 270
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P e n n sy lv a n ia n  s y s te m — C o n tin u ed : 
D esm o in es ian  s e r ie s — C o n tin u ed : 
U n d if fe re n tia te d  b eds— C o n tin u ed :
S a n d s to n e , m ed iu m  to  co a rse , a n g u la r  
to  c u rv ilin e a r , p o lish ed  a n d  f ro s te d  
in  p a r t 5 275
S h a le , g ra y , s o f t ,  n o n la m in a te d , g ra d in g  
d o w n w a rd  in to  sa n d s to n e , g ra y , fine, 
a n g u la r ,  f r ia b le 50 325
S h a le , b lack , m o ttle d  l ig h t-g ra y  a n d  
ye llow  5 330
S a n d s to n e , lig h t-g ra y , fine, a n g u la r , 
f r e e 5 335
S a n d s to n e , m ed iu m  to  co a rse , a n g u la r  
to  c u rv ilin e a r , fine ly  p i t t e d ; som e 
d a rk -g ra y  a n d  b l a c k 5 340
S h a le , b lack , so f t , p o o rly  la m in a te d 12 352
S h a le , d a rk -g ra y , la m in a te d 8 360
S h a le , b lack , fissile , g r a d in g  d o w n w a rd  
in to  s a n d s to n e , fine, f r o s t e d 15 375
M iss is s ip p ia n  s y s te m :
M e ra m e c ian  s e r ie s :
S t. L o u is  lim e s to n e  (50  f e e t  t h i c k ) :
L im esto n e , lig h t-b u ff , fine ly  c ry s ta ll in e , 
som e s i l t y ; t r a c e  o f  c h e r t ,  g r a y ; t r a c e  
o f  sh a le , g re e n , w a x y 30 405
D olom ite , m e d iu m  b ro w n , fine ly  c ry s ta l- 
lin e , s i l ty ;  so m e sa n d s to n e , m ed iu m 5 410
S a n d s to n e , fine to  co a rse , som e f r o s t e d ; 
sh a le , g re e n , c a lc a re o u s ; t r a c e  c h e rt, 
g ra y , q u a r tz o s e  15 425
O sa g ia n  se r ie s :
U n d if fe re n tia te d  b ed s  (75  fe e t  t h i c k ) :
L im esto n e , lig h t-b u ff , fine ly  c r y s ta l l in e ; 
d o lom ite , m e d iu m -g ra y , finely  c ry s - 
ta ll in e , s l ig h tly  g la u c o n itic ;  som e 
c h e r t ,  p a le -g ra y , m o ttle d 25 450
L im esto n e , buff, v e ry  finely  c ry s ta ll in e , 
p seu d o -o o litic  10 460
S h a le , b r ig h t-g re e n  to  g ra y , la m in a te d , 
s o f t ,  c a lc a reo u s 5 465
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M iss iss ip p ian  s y s te m — C o n tin u ed : 
O sa g ia n  se r ie s— C o n tin u ed : 
U n d if fe re n tia te d  bed s— C o n tin u ed :
L im e s to n e , buff, v e ry  fine ly  c ry s ta l l in e ;  
so m e  sh a le , g re e n  20 485
D o lo m ite , lig h t-b u ff , f ine ly  c ry s ta ll in e , 
a rg il la c e o u s  10 495
D o lo m ite , a s  a b o v e ; lim esto n e , v e ry  
l ig h t  buff, d en se 5 500
K in d e rh o o k ia n  s e r ie s :
G ilm o re  C ity  lim e s to n e  (1 2 5  f e e t  t h i c k ) :
L im esto n e , d r a b ,  su b li th o g ra p h ic  5 505
L im e s to n e , lig h t-b u ff , fine ly  c ry s ta ll in e , 
f r a g m e n ta l ,  o o litic ; t r a c e  o f  c h e r t ,  
l ig h t-o ra n g e , o p a q u e  to  q u a rtz o se , 
c l e a r ; t r a c e  o f  c ry s ta l l in e  q u a r t z 120 625
H a m p to n  fo rm a tio n  (1 5 0  fe e t  t h i c k ) :
E a g le  C ity  m e m b e r
L im esto n e , l ig h t  b u ff, fine ly  c ry s ta ll in e , 
so m e p seu d o -o o litic  40 665
L im e s to n e , l ig h t  buff, finely  c ry s ta llin e , 
m o ttle d  b ro w n  8 673
M ay n es  C reek  m e m b e r
D olo m ite , l ig h t  b ro w n ish -b u ff  to  g ra y , 
finely  c r y s t a l l i n e 32 705
D o lo m ite , g ra y , finely  g r a n u la r  10 715
D olo m ite , a s  a b o v e ; som e c h e r t ,  b u ff to  
g ra y , som e m o ttle d  b lu ish  g r a y ,  
sm o o th  to  g r a n u la r  55 770
D olom ite , b ro w n ish  d ra b , som e m o ttle d  
g ra y ,  fine ly  c r y s t a l l i n e 5 775
D e v o n ia n  sy s te m :
U p p e r  D e v o n ia n  s e r ie s :
Sheffield sh a le  (45  fe e t  t h i c k ) :
S h a le , lig h t-g re e n , so f t , c a lc a r e o u s 45 820
L im e  C reek , S h e ll R ock , a n d  C e d a r  V a lley  
fo rm a tio n s  (272  f e e t  p e n e t r a t e d ) :
D o lo m ite , lig h t-b ro w n , fine ly  to  m ed iu m  
c ry s ta ll in e , d en se , h a r d 10 830
S h a le , lig h t-g re e n , som e sp eck led  b la c k ;  
t r a c e  o f  s a n d s to n e  15 845
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D ev o n ian  s y s te m — C o n tin u ed : 
U p p e r  D ev o n ian  se r ie s — C o n tin u ed : 
L im e  C reek , S h e ll R ock , a n d  C e d a r  V a lley  
fo rm a tio n s — C o n tin u ed
D olom ite , lig h t-b u ff  to  d ra b , fine ly  to  
m ed iu m  c ry s ta l l in e 5 850
L im e s to n e , lig h t-b u ff  to  d ra b , v e ry  fine
ly  g r a n u la r  15 865
D olom ite , lig h t-b u ff , fine ly  c ry s ta l l in e ;  
lim esto n e , a s  ab o v e  15 880
D olom ite , d ra b  to  g r a y ,  m ed iu m  to  
c o a rse ly  c ry s ta l l in e  10 890
D olom ite , d r a b  to  g ra y , m ed iu m  c ry s - 
ta l l in e  5 895
L im esto n e , d r a b  to  g ra y , m e d iu m  c ry s - 
ta l l in e ;  d o lom ite , d r a b  to  g ra y , m ed i- 
u m  c ry s ta l l in e  a n d  s a c c h a r o id a l 10 905
L im e s to n e , lig h t-y e llo w ish , d ra b , finely  
to  m e d iu m  c ry s ta l l in e  10 915
L im esto n e , lig h t-b ro w n , m o ttle d  buff, 
c o a rse ly  c ry s ta l l in e 5 920
D olom ite , l ig h t  m ed iu m  b ro w n ish -b u ff , 
finely  g r a n u la r ,  c a l c i t i c 15 935
D olom ite , l ig h t  y e llo w ish -b u ff, m o ttle d  
m e d iu m -g ra y , c o a rse ly  c ry s ta l l in e  20 955
D olom ite , l ig h t-g ra y , v e ry  fine  to  finely  
c ry s ta l l in e  10 965
D olom ite , l ig h t-g ra y , m e d iu m  c ry s ta l- 
lin e  .................................................................... 20 985
L im e s to n e , b u ff to  g ra y , m o ttle d  m ed i- 
u m -g ra y , m ed iu m  to  c o a rse ly  c ry s ta l- 
l in e  5 990
D olom ite , lig h t-b u ff , fine ly  c ry s ta l l in e  
t o  c o a rse ly  s a c c h a ro id a l 5 995
D olom ite , l ig h t-d ra b , m o ttle d  g r a y ,  
c o a rse ly  g r a n u la r 5 1000
D o lo m ite , a s  a b o v e ; som e sh a le , m ed i- 
u m -g ra y  5 1005
D o lo m ite , l ig h t-d ra b , m e d iu m  to  m o s tly  
c o a rse ly  c r y s t a l l i n e 5 1010
D o lo m ite , l ig h t  c re a m y  spray, finely  
c ry s ta l l in e  5 1015
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D ev o n ian  s y s te m — C o n tin u ed : 
U p p e r  D ev o n ian  se r ie s— C o n tin u ed :
L im e  C reek , S he ll R ock , a n d  C e d a r  V a lley  
fo rm a tio n s — C o n tin u ed :
D olom ite , l ig h t  c re a m y  g ra y , c o a rse ly  
c ry s ta l l in e  20 1035
D olom ite , ta w n y -b u ff , fine ly  g r a n u la r 45 1080
D olom ite , v e ry  l ig h t  b u ff to  b ro w n , fine
ly  c ry s ta ll in e  5 1085
D olom ite , a s  above, c a lc itic  in  p a r t 5 1090
L im esto n e , v e ry  l ig h t  to  b u ff  to  l ig h t  
ta n ,  finely c r y s t a l l i n e 2 1092 T .D .
86-30-1Q1. Sam ple log of Gowrie town well 3 in the N W ¼  
SW ¼ S E ¼, sec. 1, T. 86 N., R. 30 W. Drilled in 1950 by Hoag 
and Ames, Lincoln, Iowa. A ltitude of land surface, 1,140 feet. 
Sam ple study by L. F . Jenkinson.
Thick n e ss  (
fe e t)
 Dep th  (
fe e t)
P le is to c e n e  sy s te m :
W isco n sin  s ta g e  (1 3 5  fe e t  th ic k ) :
T ill, b u ff, c a lc a r e o u s 10 10
T ill, g ra y , c a lc a r e o u s 35 45
T ill, b u ff, c a lc a r e o u s 10 55
T ill, g ra y , c a lc a reo u s  80 135
K a n s a n  s ta g e  (60  f e e t  t h i c k ) :
T ill, lig h t-b u ff , c a lc a reo u s  20 155
T ill, b ro w n is h -g ra y , c a lc a reo u s  4 0 195
N e b ra s k a n  s ta g e  (55  f e e t  th ic k ) :
T ill, b u ffish -b ro w n , c a lc a r e o u s 10 205
T ill, b ro w n is h -g ra y , c a lc a reo u s  10 215
T ill, b u ff, c a lc a r e o u s 5 220
T ill, b ro w n is h -g ra y , c a lc a re o u s  5 225
T ill, b u ff, c a lc a reo u s 5 230
S a n d  a n d  g ra v e l, h e te ro g e n e o u s  20 250
P e n n s y lv a n ia n  sy s te m : 
D e sm o in e s ia n  s e r ie s : 
U n d if fe re n tia te d  b e d s :
S a n d s to n e , c le a r , loose, a n g u la r  to  
r o u n d ;  s ilts to n e , l ig h t-g ra y , n o n ca l- 
c a re o u s  1 ±  251 ±  T .D .
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87-28-12J2. Sample log of Lehigh tow n well in  the  S E /c  
N E ¼ S E ¼  sec. 12, T. 87 N., R. 28 W. Drilled in  1936 and 1937 
by Thorpe Well Co., Des Moines. A ltitude of land surface, 947 
feet. Sample study by R. C. N orthup.
 Thickness (
f e e t)
D ep th
( fe e t)
P le is to c e n e  sy s te m :
U n d if fe re n tia te d  b e d s  (27  fe e t  t h i c k ) :
Soil, b r o w n 10 10
G ra v e l 17 27
P e n n s y lv a n ia n  s y s te m :
D esm o in es ian  s e r ie s :
U n d if fe re n tia te d  b ed s  (1 7 0  fe e t  t h i c k ) :
S h a le , g ra y , s i l ty , t r a c e  o f  coal in  lo w er 
p a r t  93 120
S h a le , d a r k  b r o w n is h - g r a y 45 165
S a n d s to n e , g ra y , fine, d ir ty ,  f r e e  10 175
S h a le , d a rk -g ra y  22 197
M iss is s ip p ia n  s y s te m :
O sag ian  s e r ie s :
U n d if fe re n tia te d  b e d s  (6 6  fe e t  t h i c k ) :
S h a le , lig h t-g re e n , c a lc a reo u s  ................... 8 205
D olom ite , b ro w n , finely  c ry s ta ll in e , ca l
c a re o u s ;  c h e r t ,  ch a lced o n ic , d ru s y 15 220
N o  sa m p le  2 222
L im esto n e , g ra y , e a r th y  5 227
D olom ite , l ig h t-g ra y , finely  c ry s ta ll in e 12 239
L im esto n e , c re a m , o o litic , f ra g m e n ta l ,  
fo s s i l i f e ro u s ;  t r a c e  o f  g la u c o n i te 6 245
D olom ite , b ro w n , finely  c ry s ta ll in e , ca l- 
c a re o u s  in  p a r t ;  c h e r t ,  g r a y is h  w h ite , 
sm o o th  18 263
K in d e rh o o k ia n  se rie s .
G ilm o re  C ity  lim e s to n e  (67  fe e t  t h i c k ) :
L im esto n e , c re a m , l i th o g ra p h ic  a n d  
f r a g m e n ta l 19 282
N o  sam p le  6 288
D olom ite , g ra y ish -b ro w n , finely  c ry s ta l- 
lin e , c a lc a re o u s ; t r a c e  o f  c h e r t ,  g r a y - 
ish -w h ite , sm o o th 12 300
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M iss iss ip p ia n  s y s te m — C o n tin u ed  
K in d e rh o o k ia n  se r ie s— C o n tin u ed  
G ilm ore  C ity  lim e s to n e — C o n tin u ed
L im e s to n e , c re a m , l i th o g ra p h ic , som e 
e a r th y  a n d  f r a g m e n ta l  30 330
H a m p to n  fo rm a tio n  (170  f e e t  th ic k ) : 
Io w a  F a l ls  m e m b e r (2 0  fe e t  t h i c k ) :
D o lom ite , lig h t-b ro w n , m e d i u m  to  
c o a rse ly  c ry s ta ll in e , v u g g y  10 340
N o sam p le 5 345
D olom ite , lig h t-b ro w n , m e d i u m  to  
c o a rse ly  c ry s ta llin e , c a lc a reo u s , v u g
g y  5 350
E a g le  C ity  m e m b e r (40  fe e t  t h i c k ) :
L im esto n e , c re a m , finely  c ry s ta llin e , 
a lso  w h ite , ch a lk y , w i th  fe w  im - 
b ed d e d  d o lo m ite  rh o m b s  20 370
N o sa m p le  10 380
L im esto n e , c re a m , finely  c ry s ta l l in e  5 385
N o  sa m p le 5 390
M ay n es  C reek  m e m b e r (1 1 0  f e e t  t h i c k ) :
D olom ite , b r o w n ,  finely  c ry s ta l l in e  
c a lc a re o u s ; c h e r t ,  g ra y , ro u g h  a n d  
t r ip o l i t ic  35 425
N o  sa m p le  5 430
D olom ite , b ro w n , fine ly  s a c c h a ro id a l 15 445
D olom ite , b ro w n , finely  c ry s ta ll in e , a n d  
d o lom ite , g ra y , finely  s a c c h a ro id a l;  
c h e r t ,  g ra y , ro u g h 40 485
D olom ite , buff, finely  c ry s ta ll in e , s lig h tly  
c a lc a reo u s  10 495
D olom ite , g ra y , finely g r a n u la r ,  v e ry  
s i l ty  5 500
M ap le  M ill sh a le  (2 0  f e e t  t h i c k ) :
S ilts to n e , g ra y , s o f t ,  f r ia b le  10 510
S h a le , p a le  g re e n is h -g ra y , s o f t 10 520
A p lin g to n  lim e s to n e  (10  f e e t  t h i c k ) :
D o lom ite , d a rk -b ro w n , fine ly  to  m ed iu m  
c r y s ta l l in e ; c h e r t ,  w h ite  to  lig h t-  
g ra y , sm o o th  10 530
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D ev o n ian  s y s te m :
Sheffield sh a le  (2 0  f e e t  th ic k ) :
S h a le , p a le  g r e e n is h -g ra y ; sm a ll a m o u n t 
o f  d o lom ite , g ra y , a rg illa c e o u s 20 550
L im e  C reek — S h ell R o ck  fo rm a tio n s  (75  
f e e t  t h i c k ) :
D o lo m ite , c re a m , finely to  m ed iu m  c ry s - 
ta ll in e , c a lc a re o u s ; lim esto n e , c re a m , 
w ith  im b ed d ed  d o lo m ite  rh o m b s 20 570
L im esto n e , l ig h t-g ra y  a n d  c re a m , finely  
c ry s ta ll in e , b eco m in g  c h a lk y  w ith  
d o lo m ite  rh o m b s  n e a r  b a se  3 5 605
D olom ite , yellow , v e ry  c o a rse ly  c ry s ta l - 
line, c a lc a re o u s ; sh a le , g ra y is h -g re e n , 
w ax y , v e ry  c a lc a r e o u s 15 620
N o sam p le  5 625
C e d a r  V a lley  lim e s to n e  (295  f e e t  t h i c k ) : 
D o lom ite , l ig h t-g ra y , c re a m , finely  to  
m ed iu m  c ry s ta ll in e  165 790
D olom ite , lig h t-b ro w n , fine ly  c ry s ta l- 
lin e 60 850
Solon m e m b e r (70  f e e t  t h i c k ) :
L im esto n e , c re a m , l ig h t  b ro w n , su b - 
l i th o g ra p h ic  10 860
D olom ite , b ro w n , finely  s a c c h a ro id a l, 
b eco m in g  l ig h t  g r a y  a n d  v e ry  a rg il- 
la c e o u s ; sh a le , m ed iu m  g ra y , s lig h tly  
do lo m itic  50 910
L im esto n e , b ro w n , finely  c ry s ta l l in e 10 920
W ap sip in ico n  fo rm a tio n  (85 f e e t  t h i c k ) :
D o lom ite , b ro w n , finely  c r y s t a l l i n e 40 960
L im esto n e , w h ite , finely  c ry s ta ll in e  5 965
D olom ite , l ig h t-g ra y , finely  c ry s ta l- 
lin e  40 1,005 T .D .
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87-28-30C1. Sample log of Otto Cling fa rm  well n ear H ar- 
court in N E ¼, N E ¼  NW ¼  sec. 30, T. 87 N., R. 28 W. D rilled 
in 1949 by Harold Rasm ussen, Callender. A ltitude of land su r- 
face, 1,150 feet. Sample study by G. C. H untington.
Thick n e ss  (f
e e t)
 De p th (
f e e t)
P le is to c e n e  s y s te m :
W isco n sin  s ta g e  (100  f e e t  t h i c k ) :
T ill, b u f f ,  c a lc a reo u s  15 15
T ill, g ra y , c a lc a reo u s  85 100
K a n s a n  s ta g e  (15  f e e t  t h i c k ) :
T ill, b u ff, c a lc a r e o u s 15 15
P e n n s y lv a n ia n  sy s te m :
D esm o in es ian  s e r ie s :
U n d if fe re n tia te d  b ed s (71 f e e t  p e n e tra te d ):
S h a le , l ig h t-g ra y , s ilty , a r e n a c e o u s 22 137
S a n d s to n e , fine to  co a rse , a n g u la r  to  
c u rv ilin e a r , loosely cem en ted 49 186 T .D .
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87-29-3R1. Sample log of R ichard  Paul fa rm  well near 
Callender in the  S E ¼ S E ¼ S E ¼  sec. 3, T. 87 N., R. 29 W. 
Drilled in 1950 by F ou r S tates D rilling  Co., F o r t Dodge. A lti- 
tude of land surface, 1,150 feet. Sample study by G. C. H un t- 
ington.
Thick n ess  (
feet)
D e p th
( fe e t)
P le is to c e n e  s y s te m :
W isco n sin  s ta g e  (70  fe e t  th ic k ) :
T ill, yellow , c a lc a reo u s  10 10
T ill, g ra y , c a lc a reo u s  25 35
S a n d , f in e  to  co a rse , a n g u la r  to  c u rv i
l in e a r , h e te ro g e n e o u s  m in e ra ls 5 40
T ill, g ra y ish -b ro w n , c a lc a reo u s 30 70
K a n s a n  s ta g e  (5 0  f e e t  t h i c k ) :
T ill, ta n ,  leach ed  5 75
T ill, ta n ,  c a lc a r e o u s 45 120
P e n n s y lv a n ia n  s y s te m :
D esm o in es ian  s e r ie s :
U n d if fe re n tia te d  b e d s  (105  f e e t  t h i c k ) :
S h a le , b lack , la m in a te d , h a r d 5 125
  S h a le , l ig h t-  to  d a rk -g ra y , m a s s iv e ; 
t r a c e  o f  coal 25 150
S h a le , b la c k  5 155
S h a le , d a rk -g ra y  5 160
S a n d s to n e , g r a y  to  c le a r , fine, ca l
c a re o u s , m icaceo u s  6 166
S h a le , b la c k  49 215
S a n d s to n e , g r a y  to  c le a r , fine to  co a rse , 
c a lc a reo u s  10 225
M iss is s ip p ia n  s y s te m :
M e ra m e c ian  s e r ie s :
S te . G enev ieve  lim e s to n e  (2 0  fe e t  t h i c k ) :
S h a le , re d , so f t, m ass iv e , c a lc a reo u s 5 230
S h ale , g ra y , m ass iv e , w a x y 15 245
S t. L o u is  lim e s to n e  (4 0  f e e t  t h i c k ) :
L im esto n e , b ro w n , l i th o g ra p h ic ;  t r a c e  
o f  c h e r t ,  g r a y 15 260
L im esto n e , a s  a b o v e ; do lom ite , b ro w n , 
v e ry  fine ly c ry s ta ll in e , d u ll 15 275
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M iss iss ip p ia n  s y s te m — C o n tin u ed : 
M e ra m e c ian  se r ie s— C o n tin u ed : 
S t .  L o u is  lim e s to n e — C o n tin u ed :
S a n d s to n e , m e d iu m  to  fine ly  c ry s ta l- 
line , c u rv il in e a r  to  ro u n d e d , f ro s te d 10 285
O sa g ia n  s e r ie s : 
U n d if fe re n tia te d  b e d s :
D o lo m ite , b ro w n , c ry s ta l l in e ;  t r a c e  o f 
c h e r t ,  w h ite , p o rc e la n e o u s ; t r a c e  o f 
d ru s e s  10 295
S h a le , g ra y , c a lc a re o u s ; so m e d ru s e s 6 301
D olom ite , b ro w n , m e d iu m  c ry s ta ll in e , 
d en se , b r i l l ia n t 9 310
L im esto n e , g ra y , s o f t ,  l i th o g ra p h ic 10 320
D olom ite , b ro w n , m ed iu m , c ry s ta llin e , 
c a lc itic  10 330
L im esto n e , g ra y , s o f t ,  l i th o g r a p h ic 15 345
D olo m ite , b ro w n , m ed iu m , c ry s ta l l in e ;  
c h e r t ,  t r ip o l i t ic  5 350
S h a le , g r a y  5 355
D olom ite , d a rk  g r a y ,  fine ly  g r a n u l a r 20 375
K in d e rh o o k ia n  s e r ie s :
G ilm o re  C ity  lim e s to n e  (5  f e e t  p e n e tra te d ) :
L im esto n e , c re a m , lith o g ra p h ic , d en se 5 380 T .D .
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87-30-12E1. Sam ple log of Callender town well in the  
S E ¼ SW ¼ N W ¼  sec. 12, T. 87 N., R. 30 W. Drilled in  1938 by 
Thorpe Well Co., Des Moines. A ltitude of land surface 1,150 
feet. Sam ple study by J . B. C arrier.
Thick n e ss  
(fe e t)
D epth 
(fe e t)
P le is to c e n e  sy s te m :
W isc o n s in  s ta g e  (97  f e e t  t h i c k ) :
T ill, d ra b , c a l c a r e o u s 40 40
T ill, w i th  so m e c o a rse  s a n d  a n d  g ra v e l 15 55
N o  sa m p le 5 60
T ill, g ra y , c a lc a reo u s  30 90
G rav e l, 1 to  5 m m , h e te r o g e n e o u s 7 97
K a n s a n  s ta g e  (21 f e e t  th ic k ) :
T ill, b u ff, leach ed  8 105
T ill, l ig h t  y e llo w ish -b ro w n , c a lc a reo u s 13 118
P e n n s y lv a n ia n  s y s te m :
D esm o in es ian  s e r ie s :
U n d if fe re n tia te d  b ed s  (1 5 9  f e e t  t h i c k ) :
S h a le , m e d iu m -g ra y , la m in a te d , s lig h tly  
m icaceo u s 42 160
S h a le , m e d iu m  to  d a rk -g ra y , la m in a te d ; 
som e s ilts to n e , m e d iu m  y e llo w ish - 
g ra y , h a r d  30 190
S h a le , g r a y  a n d  so m e  b lack , c a lc a reo u s 5 195
U n d e rc la y , b u ff, w a x y  5 200
S h a le , d a rk -g ra y  to  g r a y ; som e s i l ts to n e  
n e a r  b a se  15 215
S h a le , m e d iu m -g ra y , s o f t ;  so m e  c lay , 
lig h t-b u ff , w a x y 5 220
S h a le , m e d iu m -g ra y , s o f t ;  t r a c e  o f  coal 20 240
S h a le , m e d iu m -g ra y ;  so m e sa n d s to n e , 
lig h t-b u ff , a rg illa c e o u s 5 245
S h a le , m e d iu m -g ra y , la m in a te d , som e 
s i l ty  10 255
S h a le , b lack , c a rb o n a c eo u s , f is s ile ; u n
d e rc la y , bu ff, w ax y , so f t , s p l i n t e r y 5 260
S h a le , l ig h t  to  d a rk -g ra y 10 270
N o  sam p le  7 277
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M iss is s ip p ia n  sy s te m :
M e ra m e c ia n  s e r ie s :
S t. L o u is  lim e s to n e  ( 33 f e e t  t h i c k ) :
L im esto n e , lig h t-g ra y , v e ry  fine ly  c ry s - 
ta l l in e ;  t r a c e  o f  p y r i te 3 280
L im esto n e , v e ry  l ig h t  bu ff to  t a n ,  oo litic , 
finely  c ry s ta l l in e ;  s a n d s to n e , fine  to  
m ed iu m , a n g u la r ,  p i t t e d ; t r a c e  o f  
c h e r t ,  p a l e - g r a y 15 295
S h a le , l ig h t  g ra y is h -g re e n , c a lc a reo u s 5 300
D olom ite , lig h t-d ra b , fine, a re n a c e o u s ;  
t r a c e  o f  s a n d s to n e ;  t r a c e  o f  c h e r t ,  
l ig h t-g ra y  10 310
O sa g ia n  s e r ie s :
U n d if fe re n tia te d  b ed s  (100  fe e t  t h i c k ) :
S h a le , l ig h t  g re e n is h -g ra y , so f t , ca l- 
c a re o u s  15 325
D olom ite , lig h t-b u ff, som e m o ttle d  p a le - 
g ra y , finely g r a n u l a r ; c h e r t ,  p in k , 
o ra n g e , p a le -g ra y  5 330
S h a le , m ed iu m  g ra y , s o f t  to  h a r d  10 340
D olom ite , m ed iu m  d ra b , m o ttle d , finely  
g r a n u la r ,  a rg il la c e o u s ;  so m e  c h e r t , 
g ra y , som e q u a r t z o s e 15 355
D olom ite , m ed iu m  d ra b , finely  g r a n u la r 15 370
L im esto n e , b u ff, finely  g r a n u l a r 5 375
L im esto n e , bu ff to  g ra y , fine to  m ed iu m , 
c ry s ta ll in e , g la u c o n itic 5 380
L im esto n e , a s  a b o v e ; som e c h e r t , pa le  
g ra y , m o ttle d  b la c k  10 390
D olo m ite , l ig h t  m e d iu m  d ra b , finely  
g r a n u la r ,  m o ttle d , a rg il la c e o u s ; som e 
c h e r t ,  a s  ab o v e  10 400
L im esto n e , d ra b , finely  g r a n u la r ,  m o t- 
t le d  m e d iu m  g ra y , a rg i l la c e o u s ; som e 
c h e r t  10 410
K in d e rh o o k ia n  s e r ie s :
G ilm o re  C ity  lim e s to n e  (115  f e e t  t h i c k ) :
L im esto n e , lig h t-b u ff , finely  c ry s ta ll in e , 
so m e f ra g m e n ta l ,  p seu d o -o o litic 115 525
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M iss iss ip p ian  s y s te m — C o n tin u ed : 
K in d e rh o o k ia n  se r ie s— C o n tin u ed :
H a m p to n  fo rm a tio n  (195  fe e t  t h i c k ) : 
Io w a  F a lls  m e m b e r :
D o lom ite , l ig h t  m ed iu m  d ra b , m ed iu m  
g r a n u l a r ; lim esto n e , lig h t-b u ff  to  
g ra y , finely  to  m e d iu m  g r a n u la r ;  
t r a c e  o f  c h e r t ,  b lu e -g ra y  w a x y  10 535
D olo m ite , m ed iu m  buffish  b ro w n , m o t- 
t le d  g r a y ;  lim esto n e , v e ry  l ig h t  buff, 
v e ry  finely  c ry s ta l l in e  5 540
D olom ite , d ra b b is h  b ro w n , m ed iu m  
c ry s ta l l in e ;  som e l im e s to n e 15 555
E a g le  C ity  m e m b e r :
L im esto n e , lig h t-b u ff , v e ry  fine ly  c ry s - 
ta ll in e , s o f t 10 565
D olom ite , b ro w n ish -d ra b , m e d iu m  c ry s - 
ta l l in e  10 575
D olom ite , b ro w n , fine ly  g r a n u la r ,  som e 
speck led  b la c k ;  t r a c e  o f  c a lc ite  c ry s - 
t a l s  25 600
D olom ite , m e d iu m -d ra b  to  g ra y , finely 
g r a n u la r ,  s ilty , a r g i l la c e o u s 20 620
D olom ite , m e d iu m -d ra b , fine ly  to  m ed i- 
u m  c r y s ta l l in e ; so m e lim esto n e , l ig h t-  
buff, finely  c ry s ta llin e , o o l i t i c 10 630
D olom ite , l ig h t  m ed iu m  d ra b  to  g ra y , 
finely  g r a n u la r ,  g ra d in g  in to  lim e- 
s to n e  15 645
D olom ite , l ig h t  m ed iu m  g r a y  a n d  d ra b , 
finely c ry s ta ll in e , d e n s e ; som e c h e r t , 
v e ry  l ig h t  g ra y , im b ed d ed  o o l i t e s 45 690
D olom ite , l ig h t  m e d iu m  d ra b , m o ttle d  
d a rk  g ra y , finely  c r y s t a l l i n e 25 715
C h a p in  m e m b e r :
L im esto n e , v e ry  l ig h t  d ra b , m o ttled , 
fine ly  c ry s ta ll in e  5 720
P ro s p e c t  H ill m e m b e r:
S a n d s to n e , g ra y , v e ry  fine, s ilty , dolo- 
m ite  c e m e n t;  t r a c e  sa n d s to n e , m ed i- 
u m , f r o s t e d 7 727 T .D .
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87-30-35H1. Sample log of E. Meckley farm  well near 
Gowrie in the S E ¼ S E ¼ N E ¼  sec. 35, T. 87 N., R. 30 W. 
Drilled in 1950 by Harold Rasmussen, Callender. A ltitude of 
land surface, 1,145 feet. Sample study by G. C. H untington.
Thick n ess  
(fe e t)  
Depth (
fe e t)
P le is to cen e  s y s te m :
W isco n sin  s ta g e  (125 fe e t  th ic k ) :
T ill, b ro w n , le a c h e d ; soil 3 3
T ill, buff, c a lc a reo u s  19 22
T ill, g ra y , c a lc a reo u s  28 50
T ill, b ro w n ish -g ra y , c a lca reo u s 75 125
K a n sa n  s ta g e  (80  fe e t th ic k ) :
T ill, buff, c a lc a reo u s  25 150
Till, b ro w n ish -g ra y , c a lc a reo u s  40 190
T ill, b ro w n ish -g ra y , s ilty  15 205
P e n n sy lv a n ia n  s y s te m :
D esm o in esian  s e r ie s :
U n d if fe re n tia te d  beds (80 fe e t  th ic k ) :
S an d s to n e , g ra y , v e ry  fine, v e ry  a r g i l la - 
ceous, m icaceous 80 285
M iss iss ip p ia n  s y s te m :
M e ra m e c ian  s e r ie s :
S te . G enev ieve  lim esto n e  (22  fe e t  th ic k ) :
L im esto n e , c ream , co a rse ly  c ry s ta llin e , 
fo s s ilife ro u s  5 290
S hale , g re e n , c a lc a reo u s  17 307
S t. L ou is lim esto n e  (50  fe e t p e n e tra te d ) :
L im esto n e , c re a m  to  b ro w n , dense, du ll 9 316
L im esto n e , a s  a b o v e ; som e sa n d s to n e , 
m ed iu m  to  c o a rs e ; som e q u a r tz  and  
cha lcedony  12 328
D olom ite , b ro w n , v e ry  finely c ry s ta l- 
line  ; sa n d s to n e , a s  above 29 357 T . D.
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88-27-3D1. Sam ple log of Duncombe tow n well in SW ¼  
NW ¼ NW ¼  sec. 3, T. 88 N., R. 27 W. Drilled in  1945 by Layne- 
W estern Company, Ames. A ltitude of land surface, 1,115 feet. 
Sample study  E thylm ae Schultz.
Thick n ess  (
feet)
Depth (
f e e t)
P le is to c e n e  s y s te m :
U n d if fe re n tia te d  b ed s  (235  f e e t  t h i c k ) :
S oil developed  on  ti l l ,  b ro w n , sa n d y , 
leach ed  5 5
T ill, b u ff, c a lc a r e o u s 10 15
T ill, g ra y , c a lc a reo u s  80 95
S a n d  a n d  g ra v e l, h e te ro g e n e o u s  5 100
T ill, d r a b  60 160
S a n d  a n d  g ra v e l, v e ry  c o a r s e 10 170
S a n d , b ro w n , fine, a n g u la r ,  som e m ica 5 175
S a n d , w h ite , m ed iu m ; a n g u l a r 10 185
T ill, d r a b  25 210
S a n d  a n d  g ra v e l, h e te ro g e n e o u s , som e 
c lay ey  25 235
M iss is s ip p ia n  s y s te m :
O sa g ia n  s e r ie s :
U n d if fe re n tia te d  b ed s  (45  f e e t  t h i c k ) :
L im esto n e , c re a m , finely  c ry s ta l l in e 10 245
D olo m ite , d ra b , fine ly  c ry s ta l l in e ;  som e 
c h e r t ,  g ra y is h -w h ite , t r ip o l i t ic  10 255
D olom ite , g ra y , fine ly  c ry s ta l l in e , a r
g illaceo u s ; som e c h e r t ,  a s  a b o v e 5 260
D o lo m ite  a n d  c h e r t ,  a s  a b o v e ; so m e 
sh a le , g ra y , d o lo m itic  15 275
D olom ite , a s  a b o v e ; c h e r t ,  c re a m  to  
w h ite , b a n d e d   5 280
K in d e rh o o k ia n  s e r ie s :
G ilm o re  C ity  lim e s to n e  (1 2 5  f e e t  t h i c k ) :
L im esto n e , c re a m , finely  c ry s ta ll in e  15 295
L im esto n e , c re a m  to  buff, fine ly  c ry s ta l
lin e , f r a g m e n ta l ,  o o l i t i c 110 405
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M iss iss ip p ian  s y s te m — C o n tin u ed : 
K in d e rh o o k ia n  se r ie s— C o n tin u ed :
H a m p to n  fo rm a tio n  (150  f e e t  th ic k ) : 
E a g le  C ity  m e m b e r :
L im esto n e , finely  c ry s ta l l in e  to  su b lith o - 
g ra p h ic , e a r t h y ; som e d o l o m i t e  
rh o m b s ;  so m e d o lom ite , d ra b , finely  
g r a n u la r  50 455
D olom ite , g ra y , fine ly  g r a n u la r  5 460
D olom ite , a s  a b o v e ; som e c h e r t ,  g ra y , 
du ll 15 475
D olo m ite , a s  a b o v e  15 490
D olom ite , c re a m  to  b ro w n , finely  sac - 
c h a r o id a l ; so m e c h e r t ,  g r a y ; t r a c e  o f  
c a lc ite  c ry s ta ls  50 540
D olom ite , c re a m y  d ra b , f in e ly  c ry s ta l- 
line , g ra d in g  in to  lim esto n e , c re a m 10 550
D olom ite , c re a m , fine ly  g r a n u l a r 3 553
P ro s p e c t  H ill m e m b e r :
S ilts to n e , g ra y , c a lc a r e o u s 2 555
D ev o n ian  s y s te m :
U p p e r  D ev o n ian  s e r ie s : 
Sheffield sh a le  (25  f e e t  th ic k ) :
S h a le , l ig h t  g ra y , so m e s il ty , c a lc a reo u s 25 580
L im e  C reek , S he ll R ock , a n d  C e d a r  V a lley  
fo rm a tio n s  (3 9 4  fe e t  p e n e t r a t e d ) :
D o lom ite , c re a m  a n d  g ra y , finely  g r a n u - 
l a r  20 600
L im esto n e , lig h t-c re a m  a n d  g ra y , su b - 
l i th o g ra p h ic  to  l i th o g r a p h ic ; sm all 
a m o u n t o f  d o lom ite , c re a m , finely  
g r a n u la r  45 645
D olom ite , b u f f ; so m e lim esto n e , a s  above 10 655
D olom ite , c re a m , su b lith o g ra p h ic  5 660
D olom ite , beige, v e ry  finely  g r a n u la r ;  
som e sh a le , l ig h t-g re e n , d u ll 10 670
L im esto n e , ta n ,  fine ly  c ry s ta l l in e  5 675
D olom ite , be ig e , v e ry  fine ly  g r a n u la r ,  with 
so m e c a lc ite  c r y s t a l s 10 685
D olom ite , g o ld en  ta n ,  finely  g r a n u la r 5 690
D olom ite , b ro w n , finely  g r a n u la r ,  den se , 
h a r d  w ith  so m e sh a le , l i g h t - g r a y 15 705
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D evon ian  se r ie s— C o n tin u ed : 
U p p e r D ev o n ian  se rie s— C o n tin u ed : 
L im e  C reek , S hell R ock, a n d  C e d a r  V alley : 
fo rm a tio n s — C o n tin u ed :
D o lom ite , l ig h t-g ra y  to  lig h t-b ro w n , 
v e ry  fine ly  c ry s ta ll in e , d e n se 25 730
S h a le , l ig h t  g ra y , so f t , du ll, c a lc a reo u s 25 755
D olom ite , be ig e , s u b lith o g ra p h ic  to  v e ry  
finely  c r y s ta l l in e ; so m e sa n d s to n e , 
m ed iu m  5 760
D olom ite , m ed iu m  g ra y , v e ry  finely  
c ry s ta l l in e 20 780
S h a le , l ig h t  g ra y , d u ll, c a lc a reo u s  10 790
D olom ite , c re a m , fine ly  g r a n u la r  10 800
S h a le , g r a y 5 805
N o  sam p le  5 810
D olom ite , v e ry  l ig h t  g ra y , fin e ly  c ry s - 
ta l l in e  5 815
D olom ite , l ig h t  c re a m , finely  g r a n u la r 25 840
D olom ite , be ig e , v e ry  fin e ly  g r a n u la r 20 860
D olom ite , c re a m , s u b l i th o g ra p h ic ; t r a c e  
o f  s a n d , fine, f r o s t e d 5 865
D olom ite , ta n ,  finely  sa c c h a ro id a l 5 870
S h ale , lig h t-g ra y , s o f t  5 875
D olom ite , ye llow , v e ry  fine ly  c ry s ta ll in e , 
s l ig h tly  a rg illa c e o u s ; t r a c e  o f  sh a le , 
b ro w n  a n d  g re e n  20 895
L im esto n e , yellow , v e ry  finely  c ry s ta l- 
lin e  to  s u b lith o g ra p h ic , e a r t h y ; som e 
d o lom ite , yellow , fine ly  c r y s ta l l in e ; 
t r a c e  o f  sa n d , f ro s te d , n e a r  b a s e 30 925
L im esto n e , ye llow  a n d  w h ite , su b lith o - 
g ra p h ic  ; sm a ll a m o u n t o f  s h a le ; t r a c e  
o f  s a n d , f r o s t e d 10 935
D olom ite , c re a m , v e ry  f in e ly  c ry s ta ll in e 5 940
L im esto n e , ye llow , su b lith o g ra p h ic  5 945
L im esto n e , a s  a b o v e ; sh a le , l ig h t-g ra y , 
so f t , c a lc a re o u s ; sh a le  c o n te n t in - 
c re a s in g  w ith  d e p th  29 974 T .  D.
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88-28-5D2. Sample log of C ertain-teed P roducts Corp. well 
4 n ea r F o r t Dodge in  N W ¼ NW ¼ N W ¼  sec. 5, T. 88 N., R. 28 
W. Drilled in  1950 by Thorpe W ell Co., Des Moines. A ltitude 
of land surface, 1,115 feet. Sample study  by G. C. H untington.
Thick n ess  (f
e e t)
D epth
(fe e t)
P le is to c e n e  s y s te m :
U n d if fe re n tia te d  b e d s  (55  fe e t  t h i c k ) :
Soil, leach ed  5 5
T ill, g ra y , c a lc a re o u s  35 40
T ill, ta n ,  leach ed 15 55
P e rm ia n  ( ? )  sy s tem .
F o r t  D o d g e  fo rm a tio n  (5  f e e t  th ic k ) :
G y p su m  5 60
P e n n s y lv a n ia n  sy s te m :
D e sm o in es ian  s e r ie s :
U n d if fe re n tia te d  b ed s  (60  f e e t  t h i c k ) :
S ha le , g ra y is h - re d , so f t, m ic a c e o u s ......... 5 65
S hale , d a rk -g ra y , s o f t ,  w i th  iro n  com - 
p o u n d  n o d u les  15 80
S h a le , b lack , fissile  25 105
S h a le , l ig h t-g ra y , so f t , c a l c a r e o u s 5 110
S h a le , d a rk -g ra y , s o f t  5 115
S h a le , l ig h t-g ra y , u n c tu o u s ; som e sa n d - 
s to n e , c le a r , a n g u l a r 5 120
M iss is s ip p ia n  sy s te m :
M e ra m e c ian  s e r ie s :
S te . G enev ieve  lim e s to n e  (7 7  f e e t  t h i c k ) :
S h a le , l ig h t  g ra y , c a lc a reo u s  20 140
S h a le , d a r k  re d , c a lc a r e o u s 57 197
S t. L o u is  lim e s to n e  (4 8  f e e t  th ic k ) :
L im esto n e , c r e a m ,  su b lith o g ra p h ic , 
w i th  im b ed d ed  s a n d 18 215
D olo m ite , b ro w n , v e ry  fine ly  g r a n u - 
l a r ;  som e lim esto n e , a s  a b o v e 10 225
S h a le , r e d  a n d  g re e n , s o f t  c a lc a reo u s  
w ith  s a n d ;  som e lim e s to n e  a n d  dolo- 
m ite , a s  ab o v e  20 245
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M iss iss ip p ian  se r ie s— C o n tin u ed : 
O sa g ia n  s e r ie s :
U n d if fe re n tia te d  b ed s (8 0  f e e t  t h i c k ) :
S h a le , g ra y , s o f t ,  s l ig h tly  c a lc a reo u s   10 255
D olom ite , b ro w n , fin e ly  c r y s ta l l in e ; 
lim esto n e , g ra y ish -b ro w n , m ed iu m  to  
c o a rse ly  c ry s ta l l in e ;  so m e  f ra g m e n - 
t a l ;  t r a c e  o f  c h e r t ,  m ilk y , b a n d e d , 
som e sp eck led  b l a c k 45 300
S h a le , g r a y 5 305
D o lo m ite  a n d  lim esto n e , a s  a b o v e ; 
som e sh a le , a s  a b o v e 20 325
K in d e rh o o k ia n  s e r ie s :
G ilm o re  C ity  lim e s to n e  (95  f e e t  t h i c k ) :
L im esto n e , c re a m , l i th o g ra p h ic  15 340
L im e s to n e , c r e a m ,  f r a g m e n ta l  a n d  
o o litic , som e l i th o g r a p h ic ; som e lim e- 
s to n e , s i l ty  80 420
H a m p to n  fo rm a tio n  (1 7 8  f e e t  t h i c k ) : 
Io w a  F a lls  m e m b e r :
D olom ite , l ig h t-b ro w n , m e d i u m  to  
c o a rse ly  c ry s ta l l in e  35 455
D olom ite , a s  a b o v e ; lim esto n e , g ra y , 
v e ry  fin e ly  g r a n u l a r 10 465
E a g le  C ity  m e m b e r :
L im esto n e , c re a m , lith o g ra p h ic , som e 
o o litic  30 495
M ay n es C re e k  m e m b e r :
D o lom ite , b ro w n , m e d iu m  c ry s ta ll in e , 
c a lc i t ic ;  so m e c h e r t ,  g ra y , g ra n u la r ,  
d u ll 15 510
D olom ite , g ra y , v e ry  fine ly  sacch a - 
r o id a l ; t r a c e  o f  c h e r t  a n d  p y r i t e 40 550
D olom ite , a s  a b o v e ; c h e r t ,  g ra y , d u ll;  
t r a c e  o f  p y r i te  25 575
D olom ite , a s  a b o v e ; t r a c e  o f  c h e r t 10 585
C h a p in  m e m b e r :
L im esto n e , g ra y ish -b ro w n , m e d i u m  
c ry s ta l l in e  12 597
S ilts to n e , g r a y  1 ± 5 9 8 ±
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D ev o n ian  sy s te m .
U p p e r  D e v o n ia n  se r ie s .
Sheffield S h a le  ( 3 2 ±  fe e t  th ic k ) :
S h a le , g ra y is h -g re e n , c a lc a reo u s , som e 
s i l ty  3 2 ± 630
L im e  C reek , Shell R ock , a n d  C e d a r  V alley  
fo rm a tio n s  (4 2 0  fe e t  t h i c k ) :
D o lom ite , g ra y is h  b ro w n , v e ry  finely  
c ry s ta ll in e , s p a rk l in g  10 640
S h ale , g ra y is h  g re e n , c a lc a r e o u s 15 655
L im esto n e , b ro w n , finely  to  m ed iu m  
c ry s ta ll in e , p a r t ly  l i t h o g r a p h ic 10 665
D olom ite , g ra y , b ro w n , finely  to  m ed iu m  
s a c c h a ro id a l ; so m e lim esto n e , a s  
above, in c re a s in g ly  d o lo m itic  to  b a se 50 715
D olom ite , g ra y , b ro w n , fine ly  to  co a rse ly  
sa c c h a ro id a l 50 765
D olom ite , g ra y ish -b ro w n , finely  sac c h a - 
ro id a l, som e su b lith o g ra p h ic  25 790
D olom ite , g ra y ish -b ro w n , finely  sacch a - 
r o id a l ;  som e sh a le , g r a y  25 815
D olom ite , g ra y ish -b ro w n , finely  sa c c h a - 
r o id a l ;  so m e su b lith o g ra p h ic  15 830
D olom ite , g ra y , finely  to  m ed iu m  sa c - 
c h a ro id a l;  t r a c e  s i l t s t o n e 20 850
D olom ite , d a rk  b ro w n , fine ly  c ry s ta ll in e , 
s p a rk l in g 30 880
D olom ite , g ra y , v e ry  finely  sa c c h a ro id a l 45 925
D olo m ite , d a r k  b ro w n , m e d iu m  to  
c o a rse ly  c ry s ta ll in e , s p a rk lin g  45 970
Solon  m e m b e r o f  C e d a r  V a lle y :
L im esto n e , g ra y is h  b ro w n , v e ry  finely  
sa c c h a ro id a l, e a r th y  10 980
L im esto n e , a s  a b o v e ; lim esto n e , g ra y  
b ro w n , s u b li th o g ra p h ic ;  t r a c e  a r e n a - 
ceous 15 995
S h ale , g ra y , g re e n , c a lc a reo u s 15  1010
L im esto n e , g r a y ,  finely  c ry s ta l l in e ;  
sh a le , a s  ab o v e 5  1015
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D ev o n ian  s y s te m — C o n tin u ed : 
U p p e r  D ev o n ian  se r ie s— C o n tin u ed : 
Solon m e m b e r  o f  C e d a r  V a lle y :
L im e s to n e , g r a y ,  lig h t-b ro w n , m ed iu m  
c ry s ta ll in e , s o m e  s u b l i th o g ra p h ic ; 
t r a c e  o f  d o lom ite , b ro w n , finely  sac- 
c h a ro id a l 35 1,050
M id d le  D ev o n ian  s e r ie s :
W a p s ip in ic o n  lim e s to n e  (1 3 0  f e e t  th ic k ) :
D olom ite , b ro w n , finely  s a c c h a ro id a l 25 1,075
D olo m ite , l ig h t-g ra y , fine ly  sa c c h a - 
r o id a l ;  som e d o lo m ite , g ra y , finely  
c ry s ta l l in e  35 1,110
L im esto n e , g ra y , finely  g r a n u l a r 15 1,125
D olom ite , g r a y is h  b ro w n , fine ly  g r a n u - 
l a r 40 1,165
D olom ite , a s  a b o v e ; so m e c h e r t  san d , 
sm o k y ; som e sh a le , g r a y 15 1,180
O rd o v ic ian  s y s te m :
C in c in n a tia n  s e r ie s :
M aq u o k e ta  sh a le  (95  f e e t  t h i c k ) :
   D o lom ite , g ra y ish -b ro w n , finely  c ry s - 
ta l l in e ;  so m e c h e r t , w h ite , sm o o th , 
d u ll, so m e ro u g h  10 1,190
D olom ite , p in k ish -b ro w n , finely c ry s ta l- 
lin e  ; so m e c h e r t ,  w h ite  to  buff, 
sm o o th  a n d  ro u g h  15 1,205
D olom ite , c re a m , c o a rse ly  sa c c h a ro id a l 
w ith  p y r i te  a n d  b la c k  fo ss ils  15 1,220
D olom ite , a s  a b o v e ; c h e r t ,  g ra y , sm o o th , 
g r a n u la r ,  w ith  b lack  f o s s i l s ; t r a c e  o f  
sh a le , g r a y  20 1,240
D olom ite , l ig h t  g ra y ish -b ro w n , finely  to  
m e d iu m  c ry s ta l l in e ;  sm all a m o u n t o f  
c h e r t ,  g r a y ,  sm o o th  to  g r a n u la r ,  t r a c e  
o f  sh a le , b ro w n  35 1,275
M o h a w k ia n  s e r ie s :
G a len a  d o lo m ite  (120  f e e t  t h i c k ) :
D o lom ite , p in k is h  b ro w n , m ed iu m  to  
c o a rse ly  s a c c h a ro id a l, w ith  o ra n g e  
sp eck s  (c in n a m o n  sp eck s)  25 1,300
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O rd o v ic ian  s y s te m — C o n tin u ed : 
M o h aw k ian  se r ie s— C o n tin u ed : 
G a len a  do lom ite— C o n tin u ed :
D o lo m ite , p in k ish -b ro w n  a n d  c re a m , 
m e d iu m  to  c o a rse ly  s a c c h a ro id a l 35 1,335
P r o s s e r  m e m b e r :
D o lom ite , a s  a b o v e ; so m e c h e r t ,  w h ite , 
du ll, g r a n u la r ;  t r a c e  b lack  sp eck s 60 1,395
D ec o ra h  sh a le  a n d  P la t te v il le  lim e s to n e  
(130  fe e t  t h i c k ) :
L im esto n e , g r a y ,  m ed iu m  c ry s ta ll in e , 
m o ttle d  b lack  25 1,420
S h a le , g ra y , s o f t ,  v e ry  c a l c a r e o u s 15 1,435
L im e s to n e , g r a y ,  finely  c ry s ta ll in e , 
e a r th y , m o ttle d  b lack , w ith  som e 
d o lo m ite  rh o m b s , fo s s il ife ro u s 27 1,462
S h a le , g re e n , h a r d ,  b la c k  f o s s i l s 13 1,475
L im esto n e , g r a y is h  buff, fine  to  lith o - 
g ra p h ic , b la c k  f o s s i l s 17 1,492
S h a le , g re e n , s o f t  to  h a r d 33 1,525
C h a z y a n  s e r ie s :
S t. P e te r  s a n d s to n e  (5 3  f e e t  t h i c k ) :
S a n d s to n e , fine  to  c o a rse ly  c ry s ta ll in e , 
loose, ro u n d e d , f ro s te d 53 1,578
B e e k m a n to w n ia n  s e r ie s :
P r a i r i e  d u  C h ien  fo rm a tio n  (277  fe e t  th ic k ): 
W illow  R iv e r  m e m b e r :
D o lom ite , b ro w n , m ed iu m  c ry s ta ll in e , 
h a r d  7 1,585
D olom ite , g ra y , finely  sa c c h a ro id a l, 
a re n a c e o u s  35 1,620
D o lo m ite , a s  a b o v e ; sa n d s to n e , fine  to  
co a rse , f ro s te d  20 1,640
D olom ite , b ro w n , m ed iu m  c ry s ta ll in e , 
h a r d ,  s p a rk l in g  10 1,650
R o o t V a lley  m e m b e r :
D o lom ite , g ra y , v e ry  finely  c ry s ta l l in e ;  
so m e  sa n d s to n e , fine to  c o a rse  25 1,675
S a n d s to n e , fine  to  c o a rse , ro u n d e d , 
f ro s te d  10 1,685
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O rd o v ic ian  s y s te m — C o n tin u ed : 
B e e k m a n to w n ia n  se r ie s— C o n tin u ed : 
O n eo ta  m e m b e r :
D olom ite , g ra y is h -b  r  o w  n , fine ly  to  
c o a rse ly  c ry s ta llin e , d u ll to  s p a rk l in g ;  
t r a c e  o f  s a n d ;  t r a c e  o f  c h e r t ,  g ra y , 
sm o o th ; t r a c e  o f  q u a r tz , c lea r , m a s - 
s iv e , a n d  d r u s y  155 1,840
D olom ite , c re a m , finely  c ry s ta l l in e 15 1,855
C a m b ria n  s y s te m :
S t. C ro ix ia n  s e r ie s :
J o r d a n  sa n d s to n e  (55  f e e t  t h i c k ) :
S a n d s to n e , su b w h ite , fine to  co a rse , 
su b ro u n d  to  ro u n d , f ro s te d , loosely  
cem en ted  55 1,910
S t. L a w re n c e  fo rm a tio n  (9 5  f e e t  t h i c k ) :
D olom ite , l ig h t-g ra y , fine ly  c ry s ta ll in e , 
s i l ty  43 1,953
S a n d s to n e , fine  to  m ed iu m , w ith  som e 
d o lo m ite  a s  a b o v e 22 1,975
D olom ite , l ig h t-g ra y , c re a m , m ed iu m  to  
finely  c ry s ta ll in e , s l ig h tly  g la u c o n itic 30 2,005
F ra n c o n ia  s a n d s to n e  (55  f e e t  p e n e tra te d ) :
D olom ite , l ig h t  g ra y , fine ly  c ry s ta ll in e , 
v e ry  s ilty , v e ry  g la u c o n i t ic ; som e 
s ilts to n e , g r a y  55 2,060 T .D .
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88-30-26A1. Sample log of H ow ard Loehr fa rm  well near 
M oorland in the  S E ¼  N E ¼  N E ¼  sec. 26, T. 88 N., R. 80 W. 
Drilled in 1950 by H arold Rasm ussen, Callender. A ltitude of 
land surface, 1,160 feet. Sample study  by W. E. Hale.
Thick n ess  
(fe e t)  
D epth  
(fe e t)
P le is to c e n e  s y s te m :
W isc o n s in  s ta g e  (9 0  f e e t  t h i c k ) :
S o il, b ro w n , le a c h e d 2 2
T ill, buff, c a lc a r e o u s 18 20
T ill, g ra y , c a lc a re o u s 55 75
T ill, buff is h -g ra y , c a lc a re o u s 15 90
K a n s a n  s ta g e  (2 0  f e e t  t h i c k ) :
T ill, o ra n g is h  buff, le ach ed 15 105
T ill, b u ff, c a lc a r e o u s 5 110
N e b ra s k a n  (25  f e e t  t h i c k ) :
               S ilt , s a n d y ,  b u ffish -b ro w n ish , g ra y , 
leach ed  5 115
T ill, bu ffish -b ro w n , s l ig h tly  c a lc a re o u s 10 125
T ill, b u ffish -b ro w n ish , g ra y , c a lc a re o u s 10 135
C re ta c e o u s  s y s te m :
U p p e r  C re ta c e o u s  s e r ie s :
D a k o ta  fo rm a tio n  (2 7  f e e t  th ic k ) :
C lay , b ro w n , sa n d y , n o n c a lc a re o u s 22 157
N o  sa m p le  3 160
S a n d , m ed iu m  to  co a rse , a n g u la r ;  q u a r tz  
a n d  c h e r t  g ra v e l, q u a r tz ,  c le a r  a n d  
p in k , c h e r t ,  b ro w n ;  a ll g ra v e l h ig h ly  
p o lish ed  2 162 T .D .
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89-27-7A1. Sam ple log of E rw in  Dencklau fa rm  well n ear 
V incent in  N E ¼  N E ¼  N E ¼  sec. 7, T. 89 N., R. 27 W. D rilled 
in  1949 by N orthw est D rilling  Co., Hum boldt. A ltitude of land 
surface, 1,125 feet. Sample study  by R. M. Jeffords.
Thick n ess  (
feet) 
D epth 
(fe e t)
P le is to c e n e  sy s te m :
U n d if fe re n tia te d  b ed s  (1 2 0  f e e t  t h i c k ) :
T ill  a n d  so il developed  o n  til l ,  le a c h e d 10 10
T ill, bu ff, c a lc a re o u s 15 25
T ill, l ig h t  g ra y , c a lc a r e o u s 45 70
T ill, b uffish g ra y , c a lc a reo u s , v e ry  s a n d y 10 80
T ill, b u ff, c a lc a reo u s  w i th  s a n d 5 85
T ill, bu ff, c a lc a reo u s  10 95
S a n d  a n d  g ra v e l, b u ff, c a lc a r e o u s 5 100
T ill, b ro w n , sa n d y , c a lc a r e o u s 20 120
P e n n s y lv a n ia n  s y s te m :
D esm o in es ian  s e r ie s :
U n d if fe re n tia te d  b ed s  (7 0  f e e t  t h i c k ) :
S h a le , m e d iu m  g r a y 5 125
S h a le , d a r k  g ra y ,  c lay ey , m icaceo u s 5 130
S h a le , b lack , m icaceo u s 10 140
S h a le , d a r k  g r a y ; t r a c e  p y r i te 20 160
L im e s to n e , m e d iu m  g ra y ,  fine ly  c ry s ta l- 
l in e ;  so m e lim esto n e , b lack 5 165
S a n d s to n e , finely  c ry s ta l l in e ;  sh a le , 
d a rk -g ra y , c lay ey  5 170
S h a le , m e d iu m  g r a y ;  som e p y r i te 20 190
M iss is s ip p ia n  s y s te m :
O sa g ia n  s e r ie s :
U n d if fe re n tia te d  b e d s  (6 5  f e e t  t h i c k ) :
L im e s to n e , l ig h t-g ra y , fine  c ry s ta l l in e  
to  s u b l i th o g r a p h ic 5 195
D olom ite , b ro w n , m ed iu m , g r a n u la r  
p o ro u s  10 205
D olom ite , b ro w n , m ed iu m , c ry s ta ll in e , 
p o ro u s  a n d  d e n se 10 215
D olo m ite , ta n ,  fine ly  c ry s ta l l in e 5 220
D olom ite , l ig h t  g r a y  to  ta n , m ed iu m  
c ry s ta ll in e , g r a n u la r ,  p o ro u s ;  som e 
c h e r t ,  q u a r tz o s e ; t r a c e  o f  p y r i te 15 235
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M iss iss ip p ia n  s y s te m — C o n tin u ed : 
O sa g ia n  se r ie s— C o n tin u ed : 
U n d if fe re n tia te d  bed s— C o n tin u ed :
D o lo m ite , lig h t-g ra y , fine ly  c ry s ta ll in e , 
a rg illa c e o u s , c a lc a re o u s ; som e c h e r t ,  
w h i te ;  som e q u a r tz 5 240
L im esto n e , l ig h t  g ra y , finely  c ry s ta ll in e , 
a rg i l la c e o u s ; t r a c e  o f  c h e r t ,  ro s e t te s 15 255
K in d e rh o o k ia n  s e r ie s :
G ilm o re  C ity  lim e s to n e  (1 1 0  f e e t  t h i c k ) :
L im esto n e , c re a m -w h ite , v e r y  finely  
c ry s ta l l in e  to  l i th o g ra p h ic 20 275
L im esto n e , c re a m , p re d o m in a n tly  f r a g - 
m e n ta l, o o lit ic ;  som e lim esto n e , su b - 
l i th o g ra p h ic  90 365
H a m p to n  fo rm a tio n  (1 8 0  fe e t  t h i c k ) : 
Io w a  F a l ls  m e m b e r :
D o lom ite , ta n ,  m ed iu m  g r a n u la r 35 400
E a g le  C ity  m e m b e r :
L im esto n e , c re a m , l i th o g ra p h ic  to  su b - 
l i th o g ra p h ic  10 410
D olom ite , c re a m , m ed iu m  to  c o a rse ly  
c ry s ta ll in e , c a lc ite  c e m e n t;  lim esto n e  
a s  above  10 420
L im e s to n e , c re a m , v e ry  finely  c ry s ta l- 
l in e ;  som e d o lo m ite  o r  c a lc ite  c ry s - 
t a l s ;  fo ss ils  23 443
L im e s to n e , m e d iu m -g ra y ; som e c h e r t , 
d a rk -g ra y , b a n d e d  w h ite  7 450
M ay n es C reek  m e m b e r :
D o lom ite , ta n , fine to  m ed iu m  c ry s ta l- 
lin e , p o r o u s ; som e c h e rt, l ig h t  g r a y  to  
t r ip o l i t i c ; som e c h e r t ,  l ig h t  g ra y , 
speck led  b ro w n  30 480
D olom ite , m e d iu m  g ra y , finely  to  m ed i- 
u m  c ry s ta ll in e , c a lc a reo u s  cem en t, 
p o ro u s ;  t r a c e  o f  c h e r t ,  q u a r tz o se  15 495
D olom ite , ta n ,  m ed iu m  to  d a rk  g ra y , 
fine ly  to  m ed iu m  c ry s ta l l in e ;  c h e r t , 
l ig h t  g ra y , d en se , so m e s p e c k le d 30 525
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M iss iss ip p ian  s y s te m — C o n tin u ed : 
K in d e rh o o k ia n  se r ie s— C o n tin u ed : 
C h a p in  m e m b e r :
L im esto n e , s l ig h tly  d o lo m itic ; sm a ll 
a m o u n t o f  c h e r t ;  t r a c e  o f  p y r i t e 17 542
P ro s p e c t  H ill m e m b e r :
S a n d s to n e , fine to  co a rse , c a lc a reo u s 3 545
D ev o n ian  s y s te m :
U p p e r  D ev o n ian  s e r ie s :
Sheffield  sh a le  (35  fe e t  t h i c k ) :
S h a le , l ig h t  g ra y , c la y e y ; t r a c e  p y r i te  5 550
S h a le , l ig h t  g ra y , s i l t y ; t r a c e  p y r i t e 10 560
S h a le , l ig h t  g ra y , c la y e y ; t r a c e  p y r i te 20 580
L im e  C reek , S he ll R ock , a n d  C e d a r  V a lley  
fo rm a tio n s (293  f e e t  p e n e tra te d ) :
D o lom ite , l ig h t  g ra y  a n d  b u ff, finely  
c r y s ta l l in e ; t r a c e  do lo m ite  10 590
L im esto n e , m ed iu m  g ra y , finely c ry s - 
ta llin e , d o lo m ite  10 600
L im esto n e , p a le  c re a m , m e d iu m  c ry s-  
s ta ll in e  6 606
D olom ite , l ig h t  g ra y , m ed iu m  c ry s ta l- 
l in e ;  lim esto n e , b u ff  14 620
D olom ite , l ig h t  g ra y , m e d iu m  sacch a - 
ro id a l, c a l c i t i c 30 650
D olom ite , a s  a b o v e ; lim esto n e , w h ite  to  
s te e l-g ra y , m e d iu m  c ry s ta l l in e 42 692
N o  sa m p le  8 700
D olom ite , c re a m , m e d iu m  c r y s ta l l in e ; 
lim esto n e , w h ite , finely  c ry s ta ll in e 10 710
D olom ite , m e d iu m  to  l ig h t  g ra y , m ed i- 
u m  to  c o a rse ly  sa c c h a ro id a l, som e 
p o ro u s  15 725
D olom ite , l ig h t  g r a y  to  ta n ,  finely  c ry s - 
ta llin e , dense , a rg illa c e o u s , s p e c k le d 10 735
D olom ite , c re a m ish  w h ite  a n d  b ro w n , 
d en se  15 750
D olom ite , m ed iu m  g ra y , c o a rse ly  c ry s - 
ta llin e , f r ia b le , p o ro u s  20 770
D olom ite , a s  a b o v e ; do lom ite , d a rk -  
g ra y , dense , h a r d  5 775
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D ev o n ian  s y s te m — C o n tin u ed : 
U p p e r  D ev o n ian  se r ie s— C o n tin u ed : 
L im e  C reek , Shell R ock , a n d  C e d a r  V alley  
fo rm a tio n s — C o n tin u ed :
D o lo m ite , w h ite , c o a rse ly  c ry s ta ll in e , 
f r ia b le , p o ro u s  20 795
D o lo m ite , t a n ,  fine ly  g r a n u la r ;  so m e 
do lo m ite , d a r k  b ro w n ish , b lack , d en se 5 800
D olom ite , l ig h t  g r a y ,  fine ly  c r y s ta l l in e ; 
so m e  sh a le , d a r k  b ro w n ish , b lack , 
w a x y ;  t r a c e  o f  p y r i t e 5 805
D o lo m ite , b ro w n , m e d iu m  c ry s ta l l in e  20 825
D olom ite , c re a m , fine ly  to  m e d iu m  c ry s - 
ta l l in e  15 840
D olom ite , l ig h t  g ra y , fin e ly  c ry s ta l l in e ;  
sp eck led  d a r k  g r a y 5 845
D olo m ite , b ro w n , m e d iu m  c ry s ta l l in e 5 850
D olo m ite , t a n  to  w h ite , m e d iu m  c ry s ta l- 
lin e , c a lc itic  5 855
D olom ite , t a n  to  w h ite , m e d iu m  c ry s ta l- 
lin e , p o ro u s 18 873 T .  D .
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89-28-19L12. Sample log fo r F o r t  Dodge city  well 15 in 
S E ¼  N E ¼  SW ¼  sec. 19, T. 89 N., R. 28 W. D rilled in  1948 by 
Thorpe Well Co., Des Moines. A ltitude of land surface, 980 
feet. Sample study  by R. W. Screven.
Thickn e ss  (
fee t)
 D ep th  
( fe e t)
P le is to c e n e  sy s te m :
R e c e n t (20  f e e t  t h i c k ) :
S o il a n d  c in d e rs   5 5
S a n d  a n d  g ra v e l, h e te r o g e n e o u s  15 20
P e n n s y lv a n ia n  s y s te m :
D e sm o in es ian  s e r ie s :
U n d if fe re n tia te d  b e d s  (160  fe e t  t h i c k ) :
S h a le , r e d  b ro w n , s o f t ,  m icaceous, 
s l ig h tly  c a lc a reo u s 5 25
S h a le , g ra y , m icaceo u s, s lig h tly  ca l- 
c a re o u s ; lim esto n e , g r a y 20 45
S h a le , d a r k  g r a y  to  b la c k ;  som e s id e r-  
ite , b ro w n  a n d  b la c k ;  so m e s ilts to n e , 
g r a y ;  t r a c e  o f  co a l a n d  p y r i t e  35 180
M iss is s ip p ia n  s y s te m :
M e ra m e c ian  s e r ie s :
S te . G enev ieve  lim e s to n e  (6 5  f e e t  th ic k ) :
S h a le , re d , so m e g re e n , c a lc a re o u s ; 
m in o r  a m o u n t o f  lim esto n e , b u ff  to  
p in k , g ra y , v e ry  fine ly  c ry s ta ll in e  
to  l i th o g ra p h ic ;  t r a c e  o f  p y r i t e 65 245
L i m e s t o n e ,  b u ff, fine ly  c ry s ta ll in e , 
s a n d y ; sa n d s to n e , w h ite , fine  to  m ed i- 
um , a n g u la r  to  ro u n d , som e f ro s te d  
g ra in s ,  c a lc a reo u s  20 265
D olom ite , l ig h t  b ro w n , v e ry  fine ly  c ry s - 
ta l l in e  ; s a n d s to n e , w h ite , m ed iu m , 
c a lc a re o u s ; t r a c e  o f  p y r i t e 15 280
S an d s to n e , c a lc a re o u s ; a r g i l l a c e o u s 5 285
D olom ite , buff, b ro w n , a n d  g ra y , fine, 
s a n d y ; lim esto n e , buff, su b lith o g ra p h -  
ic ;  som e c h e r t ,  bu ff, g ra y , m o ttle d  
w ith  n o d u la r  ch a lc e d o n y ; som e s a n d - 
s to n e , c a lc a reo u s  20 305
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M iss iss ip p ia n  s y s te m — C o n tin u ed : 
O sag ian  s e r ie s :
U n d if fe re n tia te d  b ed s (80  f e e t  t h i c k ) :
D o lom ite , g r a y is h  b u ff, finely  c ry s ta l- 
l in e ;  lim esto n e , w h ite , m ed iu m  c ry s - 
ta l l in e ;  t r a c e  o f  g la u c o n ite  5 310
D olo m ite , g ra y  a n d  b ro w n , finely  c ry s - 
ta l l in e  ; lim esto n e , l ig h t  b ro w n , finely 
c ry s ta l l in e  10 320
N o sa m p le  5 325
L im esto n e , p in k , b u ff a n d  b ro w n , fine 
to  m e d iu m  c ry s ta ll in e , a rg illa c e o u s , 
p o ro u s ;  t r a c e  o f  g la u c o n i te 25 350
D olom ite , g ra y , b ro w n , g r a n u la r ,  a r g i l - 
la c e o u s ; lim esto n e , b u ff, f r a g m e n ta l ;  
t r a c e  o f  g la u c o n ite  15 365
L im e s to n e , buffish  g r a y ; l i m e s t o n e  
b ro w n , finely  g r a n u la r ,  a rg il la c e o u s ; 
som e c h e r t ,  w h ite , q u a r tz o se  5 370
D olom ite , g ra y , b ro w n ish  b u ff, g r a n u - 
la r ,  a rg il la c e o u s ;  som e c h e r t 5 375
L im esto n e , g ra y , bu ff, v e ry  finely  to  
finely c ry s ta llin e , a rg il la c e o u s ; t r a c e  
g la u c o n ite  10 385
K in d e rh o o k ia n  s e r ie s :
G ilm o re  C ity  lim e s to n e  (80  f e e t  t h i c k ) :
L im esto n e , bu ff to  l ig h t  b ro w n , sub- 
l i th o g ra p h ic ;  som e c h e r t ,  q u a r tz o se 15 400
D olom ite , g ra y -b u ff , fine ly  c ry s ta llin e , 
a rg illa c e o u s  5 405
L im esto n e , w h ite  to  c re a m , f r a g m e n t- 
a l, o o li t ic ; m in o r  a m o u n t o f  do lom ite , 
g ra y , finely  g r a n u la r ,  fo ss il ife ro u s 60 465
H a m p to n  fo rm a tio n  (190  f e e t  th ic k ) : 
Io w a  F a lls  m e m b e r:
D o lo m ite , g r a y  a n d  c re a m , c o a rse ly  to  
v e ry  c o a rse ly  c ry s ta l l in e 5 470
L im esto n e , buff, finely  to  c o a rse ly  c ry s-  
s ta ll in e  5 475
D o lo m ite , b u ff, m e d iu m  to  co a rse ly  
c ry s ta ll in e , c a lc a reo u s  c e m e n t 10 485
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M iss iss ip p ian  s y s te m — C o n tin u ed : 
K in d e rh o o k ian  se r ie s— C o n tin u ed : 
H a m p to n  fo rm a tio n — C o n tin u ed : 
Io w a  F a lls  m e m b e r— C o n tin u e d :
N o  sam p le  5 490
D olom ite , c re a m , m ed iu m  c ry s ta l l in e ;  
som e lim esto n e , o o litic  10 500
E a g le  C ity  m e m b e r :
L im esto n e , c re a m , l i th o g ra p h ic , w ith  
s c a tte re d  d o lo m ite  rh o m b s  25 525
M ay n es  C reek  m e m b e r:
D olom ite , p in k , b ro w n , finely to  m ed i- 
u m  c ry s ta ll in e , som e sa c c h a ro id a l, 
som e p o ro u s ;  som e c h e r t ,  b u ff  to  
l ig h t  buff, g r a n u la r  25 550
D olom ite , g r a y ,  fine ly  c ry s ta l l in e ;  
p o ro u s ;  som e c h e r t ,  a s  a b o v e ; som e 
c h e r t ,  g ra y -w h ite , g r a n u la r ,  t r ip o l i t ic 15 565
D olom ite , g ra y , finely c ry s ta l l in e ;  dolo- 
m ite , buff, m ed iu m  c r y s t a l l i n e 15 580
D olom ite , a s  above, a r g i l la c e o u s 10 590
D olom ite , g ra y , g ra y is h  b ro w n , finely  
to  m ed iu m  c ry s ta ll in e , p o ro u s ;  som e 
c h e r t ,  buffish  w h ite  a n d  g ra y , g r a n u - 
l a r  10 600
N o  sa m p le  5 605
D olom ite , g r a y ,  finely  c ry s ta l l in e ;  
c h e r t , b u ffish -w h ite  a n d  g ra y , oo litic , 
sm o o th  to  g r a n u la r ,  d o lo m itic ; m in o r  
a m o u n t o f  g re e n  s h a l e 35 640
D olom ite , c re a m y  b u f f ,  f in e ly  to  m ed i- 
u m  c ry s ta ll in e , p o ro u s  15 655
D ev o n ian  s y s te m :
U p p e r  D ev o n ian  s e r ie s :
Sheffield sh a le  (35  fe e t  t h i c k ) :
S h a le , l ig h t  g re e n , so f t , c a lc a re o u s ; 
som e lim esto n e , l ig h t  b ro w n , finely 
to  m ed iu m  c ry s ta l l in e ;  som e dolo- 
m ite , l ig h t  b ro w n , m e d iu m  c ry s ta l- 
lin e 35 690
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D ev o n ian  s y s te m — C o n tin u ed : 
U p p e r  D ev o n ian  se r ie s— C o n tin u ed : 
L im e  C reek , S hell R ock , a n d  C e d a r  V a lley  
fo rm a tio n s  (1 9 5  f e e t  p e n e t r a te d ;  
f a u l t  c u ts  o u t  a b o u t 210 f e e t  o f  
b e d s ) :
L im e s to n e , b u ffish -w h ite  a n d  l i g h t  
b ro w n , su b lith o g ra p h ic  to  finely  c ry s - 
ta l l in e  ; so m e sh a le , d a r k  g re e n , la m i- 
n a te d , g la u c o n itic 10 700
D olo m ite , p in k  to  buff, finely  c ry s ta l- 
l in e ;  lim esto n e , p in k  to  b u ff, finely  
c ry s ta l l in e  to  s u b l i th o g r a p h ic 40 740
D olom ite , c re a m , m e d iu m  to  c o a rse ly  
c ry s ta l l in e  22 762
S h a le , g re e n , m ic a c e o u s 3 765
N o  s a m p le ; in f e r r e d  p o s itio n  o f  f a u l t  
p la n e  5 770
L im e s to n e  a n d  d o lom ite , l ig h t  g r a y  a n d  
c re a m , c o a rse ly  c ry s ta l l in e  15 785
D o lo m ite , b u ffish  b ro w n  a n d  g ra y , 
fine ly  to  c o a rse ly  c ry s ta l l in e ;  lim e- 
s to n e , bu ff a n d  g ra y , fine ly  to  c o a rse - 
ly  c ry s ta l l in e  50 835
L im esto n e , c re a m  to  p in k , v e ry  finely  
to  c o a rse ly  c ry s ta l l in e ;  som e dolo- 
m ite , g r a y  to  b u ff, v e ry  fine ly  c ry s - 
ta l l in e  5 840
S h a le , g re e n , c a lc a r e o u s 10 850
L im esto n e , g ra y , b u ff, f ine ly  to  m ed i- 
u m  c r y s ta l l in e ; so m e sh a le , d a rk  
g re e n , b r i t t le ,  w a x y ; fo s s il  f r a g - 
m e n ts  15 865
L im e s to n e  a s  above, m o t t le d ; fo ss il 
f r a g m e n ts  5 870
L im esto n e , g r a y  a n d  g ra y -b ro w n , f r a g - 
m e n ta l  15 885
D o lo m ite , b r o w n ,  fine ly  g r a n u la r ;  
lim e s to n e , c re a m , c o a rse ly  c ry s ta l- 
l in e  5 890
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D ev o n ian  s y s te m — C o n tin u ed : 
U p p e r  D ev o n ian  se r ie s— C o n tin u ed : 
L im e  C reek , S h e ll R ock , a n d  C e d a r  V a lley  
fo rm a tio n s — C o n tin u ed :
L im esto n e , c re a m , finely  c ry s ta ll in e , 
so m e  f r a g m e n ta l ,  o o litic ; fo ss il 
f r a g m e n ts  5 895
M idd le  D e v o n ia n  s e r ie s :
W a p s ip in ic o n  lim e s to n e  (1 2 0  f e e t  t h i c k ) :
D olom ite , huffish  b ro w n  a n d  g ra y , v e ry  
fine ly  to c o a rse ly  c r y s ta l l in e 25 920
D olom ite , g ra y , som e buff, v e ry  finely  
c ry s ta ll in e , a rg il la c e o u s ;  som e c h e r t ,  
g r a y is h  w h ite , g r a n u la r ,  sp eck led  
g r a y  15 935
D olo m ite , a s  a b o v e 25 960
D olom ite , a s  above, w ith  d a rk -g ra y  
s t r e a k s  5 965
D olom ite , g r a y is h  b u ff, v e ry  fine ly  
g r a n u la r  20 985
D olo m ite , a s  a b o v e ; t r a c e  o f  c h e r t ,  
w h ite , c o n ta in in g  b u ff  a n d  g r a y  
fo s s ils  20 1,005
L im esto n e , g r a y ,  fine ly  c r y s ta l l in e ; 
do lo m ite , g r a y is h  b u ff, g r a n u l a r ; 
sh a le , g re e n , c a lc a re o u s ; s a n d s to n e , 
m ed iu m , ro u n d e d , f r o s t e d ; c h e r t ,  
m ilk y , sm o k y , sm o o th  to  g r a n u l a r 10 1,015
O rd o v ic ian  s y s te m :
C in c in n a tia n  s e r ie s :
M aq u o k e ta  sh a le  (6 5  f e e t  t h i c k ) :
D o lom ite , l ig h t  b u ff, fin e ly  c ry s ta l l in e ;  
so m e lim esto n e , b u ff  a n d  g re e n , fine-  
ly  to  m e d iu m  c ry s ta l l in e ;  som e lim e- 
s to n e , b u ff  a n d  g re e n , fine ly  to  m ed i- 
u m  c ry s ta l l in e ;  so m e  c h e r t ,  w h i te  to  
sm oky , s m o o t h 10 1,025
D olom ite , bu ffish -c ream , finely  to  m ed i- 
u m  c r y s ta l l in e ; so m e  lim esto n e , 
t r a c e  o f  c h e r t 5 1,030
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O rd o v ic ian  s y s te m — C o n tin u ed : 
C in c in n a tia n  se r ie s— C o n tin u ed : 
M aq u o k e ta  sh a le — C o n tin u ed :
D o lom ite , b u ff-c ream , fine ly  to  m ed i- 
u m  c ry s ta l l in e ;  lim esto n e  a s  a b o v e ; 
t r a c e  o f  c h e r t, buffish w h ite , g r a n u - 
la r ,  t r a c e  o f  sp eck led  b l a c k 5 1,035
D olo m ite , g r a y is h  buff, fine ly  to  c o a rse - 
ly  c r y s ta l l in e ; som e c h e r t ,  buffish 
w h ite , g r a n u la r ,  t r a c e  t r ip o l i t ic ;  
t r a c e  o f  lim esto n e  a n d  s h a l e 40 1,075
S h a le , g re e n , la m in a te d  5 1,080
M o h a w k ia n  s e r ie s :
G a len a  do lo m ite  (2 0 5  fe e t  th ic k ) :
D o lom ite , buff, b ro w n , g ra y , fine ly  to  
m ed iu m  c ry s ta l l in e  15 1,095
D o lo m ite  a n d  lim esto n e , b u ff  to  g ra y , 
v e ry  finely  to  m ed iu m  c ry s ta l l in e 15 1,110
D olom ite , c re a m  to  g ra y , finely  to  m ed i- 
u m  sa c c h a ro id a l 55 1,165
D o lo m ite , g r a y is h  b u ff, fine ly  c ry s ta l- 
lin e , sp eck led  o ra n g e  15 1,180
D olom ite , p in k is h  b u ff a n d  g ra y , finely  
c ry s ta l l in e  20 1,200
D olo m ite , c re a m  to  buff, v e ry  fine ly  to  
fine ly  c ry s ta l l in e ;  som e c h e r t ,  off- 
w h ite , g r a n u la r  to  t r ip o l i t i c ; c o n ta in s  
fo ss ils  40 1,240
D olom ite , l ig h t  g r a y is h  b u ff, fine ly  to  
m e d iu m  c ry s ta l l in e ;  som e c h e r t ,  bu ff- 
w h ite , g r a n u la r  to  tr ip o li t ic , speck led  
b la c k  a n d  b u f f 10 1,250
D olo m ite , b u ff  a n d  g ra y , fine ly  c ry s ta l- 
lin e , m o ttle d  a n d  sp eck led  b la c k  w ith  
sm a ll a m o u n t o f  c h e r t 35 1,285
D ec o ra h  sh a le  a n d  P la t te v il le  lim e s to n e  
(1 1 5  f e e t  t h i c k ) :
L im e s to n e  a n d  do lom ite , g ra y , som e 
p in k , finely  c ry s ta l l in e  35 1,320
S h ale , g re e n , s o f t ,  c a lc a re o u s ; som e 
lim esto n e , buff, b la c k  a n d  w h ite , fine- 
ly  c ry s ta l l in e ;  t r a c e  p y r i t e ;  fo s s ils  40 1,360
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O rd o v ic ian  sy s te m — C o n tin u ed : 
M o h aw k ian  se r ie s— C o n tin u ed : 
D eco rah  sh a le  a n d  P la tte v ille  lim esto n e— Contiued:
S h a le , b ro w n , flaky , c a lc a reo u s  10 1,370
S h a le , g re e n , fis s ile ; som e lim e s to n e ; 
so m e sa n d s to n e , f ro s te d  20 1,390
N o  sa m p le  10 1,400
C h azy an  s e r ie s : 
S t. P e te r  s a n d s to n e  (65  fe e t  t h i c k ) :
S a n d s to n e , w h ite , fine to  m ed ium , 
ro u n d e d , f ro s te d  40 1,440
S a n d s to n e , a s  a b o v e ; t r a c e  o f  sh a le , 
g re e n  15 1,455
N o  sam p le  5 1,460
S a n d s to n e , a s  above  5 1,465
B e e k m a n to w n ia n  s e r ie s :
P r a i r i e  d u  C h ien  fo rm a tio n  (3 2 5  fe e t  
t h i c k ) :
W illow  R iv e r  m e m b e r:
D o lom ite , g r a y is h  buff, fine ly  c ry s ta l- 
lin e , som e s il ty , s a n d y 30 1,495
D olom ite , p in k , c re a m  a n d  b ro w n , 
a re n a c e o u s ;  s a n d s to n e , fine to  m ed i- 
u m , f ro s te d  55 1,550
R o o t V a lley  m e m b e r :
S a n d s to n e , fine to  co a rse , ro u n d  to  su b - 
ro u n d , f r o s t e d ; som e d o lom ite , a r e n a - 
ceous 35 1,585
O n e o ta  m e m b e r:
C h e r t , b u ff  a n d  w h ite , c o n ta in in g  
oo lites, som e q u a r tz o s e ;  so m e s a n d - 
s to n e  10 1,595
C h e r t, b u ff  a n d  w h ite , a re n a c eo u s , 
q u a r tz o s e ;  sm a ll a m o u n t o f  do lom ite , 
l ig h t  b u ff  to  b ro w n , fine ly  c ry s ta ll in e , 
a re n a c e o u s  40 1,635
D olom ite , b u ff to  g ra y , so m e p in k , fine- 
ly  c ry s ta ll in e , a r e n a c e o u s ; so m e 
c h e r t ,  a s  a b o v e ; t r a c e  o f  s a n d s to n e  95 1,730
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C a m b ria n  s y s te m :
S t. C ro ix ia n  s e r ie s :
J o r d a n  sa n d s to n e  (6 0  f e e t  t h i c k ) :
S a n d s to n e , fine to  co a rse , ro u n d e d , 
f ro s te d , t r a c e  d o lo m ite  c e m e n t 60 1,790
S t. L a w r ence  fo rm a tio n  (8 0  f e e t  th ic k ) :
D o lo m ite , d a r k  g r a y  a n d  b u ff, a r e n a - 
ceous, a rg il la c e o u s ;  t r a c e  g la u c o n ite  
in  lo w e r  p a r t 80 1,870
F ra n c o n ia  fo rm a tio n  (2 5 0  f e e t  th ic k ) :
S ilts to n e , g r a y ;  d o lom ite , v e ry  g la u - 
c o n itic  105 1,975
S h a le , g re e n , so m e fissile , c a lc a re o u s ; 
lim esto n e , hu ffish  b ro w n , fin e ly  c ry s - 
t a l l in e ;  m u c h  g la u c o n ite  135 2 ,110
G la u c o n ite ; so m e lim e s to n e  a n d  sh a le , 
a s  a b o v e  10 2,120
D re sb a c h  fo rm a tio n  (70  f e e t  t h i c k ) : 
E a u  C la ire  m e m b e r :
Lim e s to n e , b u ff-w h ite , s i l ty ;  so m e 
g la u c o n ite ;  so m e  sh a le , g re e n , la m i- 
n a te d  105 2,225
M t. S im o n  m e m b e r:
S a n d s to n e , g r a y is h  w h ite , fin e  to  
m e d iu m , c a lc a r e o u s 15 2,240
N o  sa m p le s  10 2,250
S a n d s to n e , c le a r  t o  o ra n g e , m e d iu m  to  
c o a rse , a n g u la r  to  ro u n d , f ro s te d , 
c o a rse n e ss  in c re a s in g  to w a rd  b o t- 
to m ;  som e s il ts to n e , g r a y is h  g re e n , 
a rg illa c e o u s  40 2,290
P re -C a m b r ia n  sy s te m  ( ? )
U n d if fe re n tia te d  b e d s  (1 7  f e e t  p e n e t r a t
e d ) :
B a s a lt ,  re d , s e rp e n tin iz e d  17 2 ,307  T .  D .
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89-28-19P5. Sample log of Cargill Co. well a t  F o r t Dodge 
in  N E ¼ S E ¼ SW ¼  sec. 19, T. 90 N., R. 28 W. Drilled in  1946 
to  a  depth of 545 fee t and deepened to  1,190 fee t in  1950, by 
Layne-W estern Co., Ames. A ltitude of land surface, 990 feet. 
Sample study  by W. E . H ale and G. C. H untington.
Thick n ess  (
feet)
De p th  (
fee t)
P le is to c e n e  s y s te m :
R e c e n t (5  f e e t  t h i c k ) :
F i l l  m a te r ia l ,  n o  sa m p le s  5 5
P e n n sy lv a n ia n  s y s te m :
D e sm o in e s ia n  s e r ie s :
U n d if fe re n tia te d  b ed s  (3 0  f e e t  t h i c k ) :
S h a le , g r a y  to  d a r k  g r a y ; t r a c e  c o a l 20 25
S h a le , d a r k  g ra y , p y r i t i c ;  s a n d s to n e , 
w h ite , m ed iu m , a n g u l a r 5 30
S h a le , d ra b b is h  w h ite , p y r i t i c 5 35
M iss is s ip p ia n  s y s te m :
M e ra m e c ian  s e r ie s :
S te . G enev ieve  lim e s to n e  (50  f e e t  t h i c k ) :
S h a le , g r a y  to  p a le  p in k , c a lc a re o u s ; 
t r a c e  p y r i te  15 50
L im esto n e , p a le  p in k , v e ry  fine ly  c ry s - 
ta l l in e  to  s u b l i th o g r a p h ic 5 55
S h a le , g re e n  a n d  p in k , c a lc a re o u s ; t r a c e  
p y r i te  25 80
L im esto n e , g re e n , e a r th y ,  v e ry  finely  
c ry s ta l l in e  5 85
S t. L o u is  lim e s to n e  (5 0  f e e t  t h i c k ) :
D o lom ite , ta n ,  c o a rse ly  to  fin e ly  c ry s - 
ta ll in e , a re n a c e o u s ;  s a n d s to n e , w h ite , 
m ed iu m , a n g u la r  to  su b ro u n d , f r o s t e d ; 
som e lim esto n e , c re a m , l i th o g ra p h ic ;  
t r a c e  c h e r t ,  b ro w n , w a t e r y 15 100
D olo m ite , b u ff  to  b ro w n , v e ry  fine ly  
c ry s ta l l in e  5 105
L im e s to n e  a n d  d o lom ite , g ra y , v e ry  
fine ly  c r y s t a l l i n e 5 110
S h a le , p a le  g ra y , s i l ty , s a n d y 5 115
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M iss iss ip p ian  s y s te m — C o n tin u ed : 
M e ra m e c ian  se r ie s— C o n tin u ed : 
S t. L o u is  lim e s to n e — C o n tin u ed :
D o lo m ite , b ro w n , v e ry  fine ly  c ry s ta l- 
lin e  ; lim esto n e , l ig h t  g ra y , l ith o - 
g ra p h ic  ; so m e sa n d s to n e , m ed iu m , 
f r o s t e d ; t r a c e  c h e r t ,  b ro w n , w a te ry 10 125
S h ale , g ra y , s a n d y 10 135
O sa g ia n  s e r ie s :
U n d if fe re n tia te d  b e d s  (80  fe e t  t h i c k ) :
D o lom ite , g r a y  to  d a rk  b ro w n , c o a rse - 
ly  s a c c h a ro id a l, p o ro u s , so m e  sp eck - 
led  w h ite ;  t r a c e  sh a le , g re e n , g lau co - 
n i t ic  a n d  p y r i t ic 15 150
D olom ite , a s  a b o v e ; som e lim e s to n e ; 
t r a c e  sh a le , g r a y ; t r a c e  c h e r t ,  
d ru s y  10 160
D olom ite , b ro w n , m ed iu m  c ry s ta ll in e , 
s i l ty  15 175
D olo m ite , a s  a b o v e ; som e do lom ite , 
e a r th y ;  som e sa n d s to n e , m e d iu m 5 180
D olom ite , l ig h t  b ro w n , m e d iu m  c ry s ta l- 
lin e , v u g g y ; lim esto n e , g ra y , v e ry  
c o a rse ly  c ry s ta ll in e , e a r t h y ; t r a c e  
p y r i te 10 190
S hale , g r a y  s i l ty  5 195
D olom ite , g r a y is h  b ro w n , m ed iu m  c ry s - 
ta l l in e ;  som e v u g g y , som e s i l ty  a n d  
a rg illa c e o u s ; t r a c e  p y r i t e 20 215
K in d e rh o o k ia n  s e r ie s :
G ilm o re  C ity  lim e s to n e  (95  f e e t  t h i c k ) :
L im esto n e , c re a m , l i th o g ra p h ic  to  v e ry  
fine ly  c ry s ta ll in e  20 235
L im esto n e , a s  a b o v e ; lim e s to n e  f r a g - 
m e n ta l, o o litic ; t r a c e  o f  p y r i te  in  
lo w e r p a r t  75 310
H a m p to n  fo rm a tio n  (180  f e e t  th ic k ) : 
Io w a  F a lls  m e m b e r :
D o lom ite , ta n ,  c o a rse ly  c ry s ta llin e , 
v u g g y  15 3 2 5
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M iss iss ip p ian  s y s te m — C o n tin u ed : 
K in d e rh o o k ia n  se r ie s— C o n tin u ed : 
H a m p to n  fo rm a tio n — C o n tin u ed : 
Io w a  F a lls  m e m b e r— C o n tin u ed :
L im esto n e , d ra b b is h  w h ite , c ry s ta ll in e , 
o o litic  10 335
D olom ite , ta n ,  c o a rse ly  c ry s ta llin e , 
som e s i l t y 10 345
E a g le  C ity  m e m b e r:
L im esto n e , buff, m ed iu m  to  c o a rse ly  
c ry s ta l l in e  10 355
L im e s to n e , b u ff, l i th o g ra p h ic  20 375
M ay n es  C reek  m e m b e r :
D o lom ite , ta n ,  c o a rse ly  sa c c h a ro id a l, 
p o r o u s ; so m e c h e r t ,  buff, sm o o th , 
t r a c e  w a te ry  b ro w n ;  t r a c e  o f  p y r i te 20 395
D olo m ite , g ra y , finely  to  m e d iu m  c ry s - 
ta llin e , a rg il la c e o u s ; t r a c e  o f  c h e r t , 
g r a y  15 410
D olom ite , g r a y  to  b u ff, finely  to  co a rse ly  
c ry s ta l l in e ;  som e lim esto n e , g r a y  to  
buff, finely  to  m ed iu m  c r y s t a l l i n e 25 435
D olom ite , g ra y , finely  c ry s ta l l in e ;  som e 
c h e r t ,  g ra y , sm o o th , so m e sp eck - 
led  b ro w n  10 445
D olom ite , g ra y , finely  c ry s ta ll in e , s i l ty ;  
som e lim esto n e , g ra y , c o a rse ly  c ry s - 
ta l l in e ;  som e c h e r t ,  a s  a b o v e 40 485
D olom ite , be ige , m ed iu m  c ry s ta l l in e ;  
som e lim esto n e , g ra y , m ed iu m  c ry s - 
ta l l in e  5 490
D ev o n ian  sy s te m :
U p p e r  D ev o n ian  s e r ie s :
Sheffield  sh a le  (4 0  f e e t  t h i c k ) :
S h a le , lig h t-g re e n , s m o o th ; t r a c e  o f  
d o lom ite , l ig h t-g ra y , m ed iu m  40 530
L im e  C reek , S h e ll R ock , a n d  C e d a r  V alley  
fo rm a tio n s  (420  f e e t  th ic k ) :
D olom ite , l ig h t  g ra y , fine, d e n s e 10 540
N o  sa m p le s  40 580
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D ev o n ian  s y s te m — C o n tin u ed : 
U p p e r  D e v o n ia n  se r ie s— C o n tin u ed : 
N o te : D r i l le r ’s  log  f ro m  580 to  1,005 fe e t :
L im e s to n e , h a r d   100 680
S h a le , b lu e  10 690
L im e s to n e   195 885
S h a le , b lu e  15 900
L im e s to n e 5 905
S h a le  10 915
L im esto n e , h a r d  35 ± 950 ±
M idd le  D ev o n ian  s e r ie s ?
W a p s ip in ic o n  lim e s to n e  (a p p ro x im a te ly  
120 f e e t  t h i c k ) :
L im esto n e , h a r d  4 5 ± 995
S h ale , b lu e  5 1,000
L im e s to n e  5 1,005
D o lo m ite , g ra y , fine ly  g r a n u l a r  45 1,050
D olom ite , g ra y , fine ly  g r a n u la r ,  som e 
s a n d y ; som e c h e r t ,  b lack  sa n d  
g r a in s  10 1,060
S h a le , g r a y is h  g re e n , s o f t ,  ca lca reo u s , 
s a n d y   10 1,070
O rd o v ic ian  s y s te m :
C in c in n a tia n  s e r ie s :
M aq u o k e ta  fo rm a tio n  (8 0  f e e t  th ic k ) :
D o lo m ite , g ra y , fine ly  g r a n u la r ;  som e 
c h e r t ,  w h ite , sm o o th  to  g r a n u la r ,  
d u ll, som e t r ip o l i t ic ;  t r a c e  sh a le , 
g re e n  a n d  b ro w n   35 1,105
D olom ite , c re a m , m ed iu m  to  c o a rse ly  
c ry s ta ll in e , d en se , som e a re n a c e o u s ; 
so m e  c h e r t ,  a s  a b o v e 15 1,120
S h a le , g ra y , d o lo m itic ; c h e r t y  30 1,150
M o h a w k ia n  s e r ie s :
G a len a  d o lo m ite  (4 0  f e e t  p e n e t r a t e d ) :
D o lo m ite , c re a m , m e d iu m  to  c o a rse ly  
c ry s ta l l in e ;  so m e c h e r t ,  c re a m , 
sm o o th  to  g r a n u la r  15 1,165
S h a le , v e ry  d a r k  g r e e n ;  som e c h e r t ,  a s  
a b o v e  5 1,170
D olom ite , c re a m , m e d iu m  to  c o a rse ly  
c ry s ta l l in e ;  so m e c h e r t  a s  a b o v e  20 1,190 T .  D .
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89-28-26E1. Sample log o f C ertain-teed P roducts Corp. 
well n ear F o r t Dodge in  N W ¼  SW ¼  N W ¼  sec. 26, T. 90 N., 
R. 28 W. Drilled in  1946 by A r t  Vinson, F o r t  Dodge. A ltitude 
of land surface, 1,115 feet. Sam ple study  by W . E . Hale.
Th ic k n e ss 
( f e e t)
D e p th  
( fe e t)
P le is to c e n e  s y s te m :
U n d if fe re n tia te d  b ed s  (4 5  f e e t  t h i c k ) :
N o  sa m p le  5 5
T ill, g ra y , c a lc a r e o u s 25 30
S a n d  a n d  g ra v e l, h e te ro g e n e o u s , d i r ty 15 45
P e rm ia n  ( ? )  s y s te m :
F o r t  D od g e  fo rm a tio n  (2 0  f e e t  t h i c k ) :
S h a le , re d , s o f t ,  s i l ty , v e ry  ca lc a reo u s 5 50
G y p su m , m a ss iv e  1 4 ± 6 4 ±
S h a le , re d , c a lc a re o u s  1 ± 65
P e n n s y lv a n ia n  s y s te m :
D esm o in es ian  s e r ie s :
U n d if fe re n tia te d  b ed s  (1 5  f e e t  t h i c k ) :
S h a le , d a r k  g ra y , la m in a te d , w a x y 15 80
M iss is s ip p ia n  s y s te m :
M e ra m e c ian  s e r ie s :
S te . G enev ieve  lim e s to n e  (6 0  f e e t  t h i c k ) :
S h a le , g ra y , g re e n  a n d  re d , s o f t ,  c a l- 
c a re o u s , w i th  som e p y r i t e ; so m e  lim e- 
s to n e , l ig h t  g ra y , finely  c ry s ta l l in e ;  
fo s s ils  60 140
S t .  L o u is  lim e s to n e  (45  fe e t  t h i c k ) :
L im e s to n e , b e ig e , v e ry  fine ly  c ry s ta l l in e 5 145
D olo m ite , b e ig e  to  ta n ,  finely  t o  v e ry  
finely  c ry s ta ll in e , sa n d y , s i l ty , som e 
a rg il la c e o u s ;  som e sa n d s to n e , m ed i- 
u m , f r o s t e d 35 180
S a n d s to n e , fine  to  m ed iu m , f r o s t e d 5 185
O sa g ia n  s e r ie s  (5 0  fe e t  p e n e t r a t e d ) : 
U n d if fe re n tia te d  b e d s :
S h a le , m e d iu m  g ra y , u n c tu o u s ;  t r a c e  
p y r i te  15 200
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M iss iss ip p ian  sy s te m — C o n tin u ed : 
O sa g ia n  se r ie s — C o n tin u ed : 
U n d if fe re n tia te d  bed s— C o n tin u ed :
D o lo m ite , b u ff, g ra y , m o s tly  b ro w n , 
m e d iu m  s a c c h a ro id a l ; som e c h e r t , 
d u ll w h ite  a n d  q u a r tz o s e ; t r a c e  
g la u c o n ite  15 215
D olom ite , b ro w n , m ed iu m  sa c c h a ro id a l, 
lo w e r  10 fe e t  p o r o u s 20 235
N o  sa m p le  12 247 T .  D .
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89-29-20N1. Sample log of Swaney M otor Co. farm  well 
near Moorland in the  N W ¼  SW ¼  SW ¼  sec. 20, T. 89 N., R. 29 
W. Drilled in 1948 by A rt Vinson, F o r t Dodge. A ltitude of 
land surface, 1,160 feet. Sam ple study by M. C. P arker.
P le is to cen e  sy s tem .
U n d if fe re n tia te d  b e d s  (125  fe e t  t h i c k ) :
Thickn ess  
(fe e t)
 D ep th  
( fe e t)
T ill, b u ff, s a n d y , c a lc a r e o u s 10 10
S a n d , buff, fine, c a lc a reo u s  5 15
T ill, g ra y , c a lc a reo u s  15 30
S a n d  a n d  g ra v e l, h e te r o g e n e o u s 20 50
T ill, g ra y , c a lc a reo u s  10 60
T ill, buffish , o ra n g e , c a lc a r e o u s 20 80
C lay , buffish  b ro w n , s ilty , sa n d y , ca l- 
c a re o u s  5 85
C lay , a s  above , s lig h tly  c a lc a r e o u s 5 90
T ill, g ra y  a n d  b ro w n , c a lc a reo u s  5 95
C lay , b ro w n , s ilty , sa n d y , n o n ca l- 
c a re o u s , m icaceo u s 10 105
C lay , a s  ab o v e , s l ig h tly  c a lc a r e o u s 20 125
C re ta c e o u s  sy s te m :
U p p e r  C re ta c e o u s  s e r ie s :
D a k o ta  ( ? )  fo rm a tio n  (30  f e e t  th ic k ) :
S h a le , l ig h t  c re a m ish  g ra y , so f t , u n c- 
tu o u s , w ith  fine  sa n d   5 130
S a n d s to n e , w h ite  a n d  yellow , v e ry  fine 
to  fine, a n g u la r ,  fe w  c o a rse  g ra in s ,  
p o lish ed  10 140
S h ale , a s  above 5 145
S a n d s to n e , w h ite  to  yellow , fine to  m ed i- 
um , a n g u la r ,  som e p in k  a n d  b lack  
g ra in s ,  l a r g e r  g r a in s  p o l i s h e d 10 155
P e n n sy lv a n ia n  s y s te m :
D esm o in es ian  s e r ie s :
U n d if fe re n tia te d  b ed s (115  fe e t  t h i c k ) :
S an d s to n e , l ig h t  g ra y , v e ry  fine, dolo- 
m ite  c e m e n t;  sh a le , d a rk  g ra y , la m i- 
n a te d  10 165
S h a le , d a r k  g ra y , so f t , u n c tu o u s , la m i- 
n a te d ;  t r a c e  p y r i t e 10 175
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P e n n sy lv a n ia n  s y s te m — C o n tin u ed : 
D esm o in es ian  se r ie s— C o n tin u ed : 
U n d if fe re n tia te d  b ed s— C o n tin u ed :
S h a le , b lack , la m in a te d , s o f t ,  u n c tu o u s ;  
so m e  p y r i t e ;  so m e  s a n d s to n e , v e ry  
fine, a n g u la r ; a n d  sh a le , g r a y 30 205
S h a le , m ed iu m  g ra y ,  s o f t ,  l a m i n a t e d  10 215
S h a le , b la c k   22 237
S a n d s to n e , l ig h t  g r a y ,  c a lc a re o u s ; t r a c e  
c h e r t ,  l ig h t  g r a y  a n d  b u ff, g r a n u la r 8 245
D olom ite , buff, v e ry  finely  c ry s ta ll in e , 
d e n s e ; som e c h e r t ,  g r a y is h  w h ite  a n d  
d a r k  g ra y , g r a n u l a r 5 250
S h ale , b lack , w ith  som e p y r i t e  10 260
S h a le , g r e e n ;  so m e p y r i te ;  t r a c e  o f  
lim esto n e , b ro w n , finely  c ry s ta l l in e  10 270
M iss is s ip p ia n  sy s te m :
M e ra m e c ian  s e r ie s :
S t. L o u is  lim e s to n e  (1 0  f e e t  t h i c k ) :
D o lo m ite , b ro w n -b la c k , m o ttle d , fine to  
m e d iu m  f r a g m e n ta l ; so m e sa n d s to n e , 
f ro s te d , su b ro u n d  5 275
L im e s to n e , g ra y , fine ly  c ry s ta ll in e , a r - 
g illa c e o u s ; so m e  d o lo m ite  a n d  s a n d - 
s to n e , a s  a b o v e  5 280
O sa g ia n  s e r ie s :
U n d if fe re n tia te d  b ed s  (1 0  f e e t  p e n e t r a te d ):
D o lo m ite , c re a m ish  b ro w n , fin e ly  g r a n - 
u la r ,  p o ro u s ; so m e c h e r t ,  b u ff, m o t- 
tled , n o d u la r , f r a g m e n t a l 10 290 T .  D .
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89-29-31F1. Sam ple log of A. J . C raw ford fa rm  well near 
Moorland N E ¼  S E ¼  NW ¼  sec. 31, T. 89 N., R. 29 W. Drilled 
in 1948 by H arold Rasm ussen, Callender. A ltitude of land sur- 
face, 1,171 feet. Sam ple by  R. W. Screven.
Thick n ess  (
fee t)
D ep th
( fe e t)
P le is to c e n e  sy s te m :
W isco n sin  s ta g e  (75  fe e t  t h i c k ) :
N o  sa m p le s  30 30
T ill, buff, c a lc a r e o u s 10 40
T ill, g r a y is h  buff, c a lc a reo u s  10 50
N o  sam p le  10 60
S a n d  a n d  g ra v e l, h e te r o g e n e o u s 5 65
N o  sa m p le 10 75
K a n s a n  s ta g e  (6 0  f e e t  t h i c k ) :
T ill, o ran g ey -b u ff , leach ed 5 80
N o  sa m p le  5 85
T ill, o ra n g e , s l ig h tly  c a lc a r e o u s 5 90
T ill, o ra n g e , c a lc a reo u s  5 95
T ill, bu ff, c a lc a re o u s  5 100
N o  sa m p le  5 105
T ill, b uffish b ro w n , s lig h tly  ca lc a reo u s 10 115
T ill, b ro w n ish  g ra y , s ilty , s lig h tly  ca l
c a re o u s  5 120
T ill, g r a y is h  b u ff, c a lc a reo u s  10 135
P e rm ia n  ( ? )  s y s te m :
F o r t  D odge fo rm a tio n  (2 3  f e e t  t h i c k ) :
S h a le , re d , s o f t ,  s a n d y , s ilty , c a lc a reo u s  
w ith  a u th ig e n ic  q u a r t z 10 145
S an d s to n e , p in k , fin e  to  v e ry  fine, ca l
c a re o u s  12 157
S h a le , g ra y , c a lc a reo u s , s i l ty  5 ± 162
P e n n s y lv a n ia n  s y s te m :
D esm o in es ian  s e r ie s :
U n d if fe re n tia te d  b e d s  ( 3 ±  fe e t  p e n e tra te d ):
S h a le , b la c k  3 ± 165 T .  D .
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89-30-2Q1. D riller’s and sample log of V. F . Lentsch farm  
well near Clare in the S E ¼  SW ¼  S E ¼  sec. 2, T. 89 N., R. 30 
W. Drilled in 1946 by J . M. De Vaul, Havelock. A ltitude of land 
surface, 1,150 feet. Sam ple study by E thylm ae Schultz. D riller’s 
log to  depth o f 571 feet.
 Thick n ess  (
f e e t)  
D ep th  
( fe e t)
P le is to c e n e  s y s te m :
U n d if fe re n tia te d  bed s (116  fe e t  t h i c k ) :
C lay , b lu e 94 94
S an d , ye llow  10 104
C lay , g r a y  12 116
C re ta c e o u s  s y s te m :
U n d if fe re n tia te d  sec tio n  (507  f e e t  p e n e trated):
R o ck  5 121
S h a le , g r a y  32 153
R ock  4 157
S h a le , g r a y  113 270
S h a le , b lack  170 440
S h a le ;  ro c k  26 466
S a n d s to n e  6 472
S a n d s to n e , h a r d 11 483
S h a le ;  r o c k 88 571
D olom ite , y e llo w ish  g r a y ,  su b lith o - 
g ra p h ic , a re n a c e o u s  2 573
S h a le , l ig h t  g ra y , no  s t ru c tu re ,  dull, 
a re n a c eo u s , d o lo m itic  17 590
S a n d s to n e , y e llo w ish  w h ite  a n d  p in k , 
v e ry  fin e  to  m ed iu m , a n g u la r  to  
c u rv ilin e a r , w a x y  33 623 T .  D.
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89-30-11R1. Sample log of V. and M. M cLaughlin (form erly 
B. Lentsch) fa rm  well near Barnum  in N E ¼  S E ¼  S E ¼  sec. 
11, T. 89 N., R. 30 W. Drilled in  1946 by A rt  Vinson, F o rt 
Dodge. A ltitude of land surface, 1,176 feet. Sample study by 
E thylm ae Schultz.
P le is to c e n e  s y s te m :
U n d if fe re n tia te d  bed s (1 1 0  fe e t  t h i c k ) :
Thick n ess  (
feet)
D ep th
( fe e t)
T ill, yellow , c a lca reo u s  20 20
T ill, g ra y , c a lc a reo u s  10 30
S a n d  a n d  g ra v e l, h e te ro g en eo u s , d i r ty 20 50
S a n d , c o a rse  (d ry )  10 60
C lay , s ilty , b ro w n , leached  (L o v e lan d  
lo ess? ) 20 80
S a n d  a n d  g ra v e l, h e te ro g e n e o u s , s i l ty  20 100
S a n d , fine to  m e d i um 5 105
C lay , g r a y ;  som e sa n d , v e ry  fine 5 110
P e n n sy lv a n ia n  s y s te m :
D esm o in es ian  s e r ie s :
U n d if fe re n tia te d  b ed s  (6 0  fe e t  th ic k ) :
S a n d s to n e , v e ry  fine to  fine, c a lc a reo u s 30 140
S h a le , g ra y , a re n a c eo u s , c a lc a reo u s  5 145
D olom ite , b ro w n  a n d  g ra y , d en se , a rg i l - 
laceous 5 150
S h ale , d a r k  g ra y , u n c tu o u s ;  t r a c e  o f  
sa n d s to n e , w h ite , m ed iu m  co arse , 
w ax y , p y r i t ic ;  t r a c e  o f  coal 20 170
M iss is s ip p ia n  s y s te m :
M e ra m e c ian  s e r ie s :
S t. L o u is  lim e s to n e  (6 0  f e e t  t h i c k ) :
L im esto n e , be ige , e a r th y , v e ry  a r e n a
ceo u s; sa n d s to n e , w h ite , f ro s te d  2 172
S h a le , lig h t-g ra y , so f t, u n c tu o u s 3 175
S a n d s to n e , yellow , co a rse , w a x y  (c re v
ice  f illin g ) 10 185
L im esto n e , ta n  a n d  beige , finely  c ry s ta l- 
line , a re n a c e o u s  15 200
S a n d s to n e , co a rse , du ll, w a x y  (c re v - 
ice f illin g ) 5 205
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M iss iss ip p ia n  s y s te m — C o n tin u ed : 
M e ra m e c ian  se r ie s— C o n tin u ed : 
S t .  L o u is  lim e s to n e — C o n tin u ed :
D o lom ite , c re a m , v e ry  fine ly  c ry s ta l l in e  
to  l i th o g ra p h ic  5 210
L im e s to n e , be ige , v e ry  a r e n a c e o u s 5 215
L im e s to n e  a n d  d o lom ite , a s  a b o v e ; 
s a n d s to n e  (c re v ic e  fillin g ) 15 230
O sa g ia n  s e r ie s :
U n d if fe re n tia te d  b e d s  (80  f e e t  t h i c k ) :
D olom ite , g ra y , v e ry  finely  g r a n u la r ,  a r - 
g illaceo u s  5 235
D olom ite , b ro w n , m ed iu m  g ra n u la r ,  
v e ry  p o ro u s  10 245
D olom ite , c re a m , ta n ,  v e ry  ca lca reo u s , 
w ith  m a n y  d o lo m ite  r h o m b s 5 250
D olom ite , c re a m y  b iege , fine ly  c ry s ta l- 
lin e , e a r th y , w i th  c a lc ite  c ry s ta ls  5 255
L im esto n e , l ig h t  b ro w n , s u b lith o g ra p h ic 5 260
L im e s to n e , g re e n is h  g ra y , finely  c ry s - 
ta ll in e , a rg il la c e o u s ;  m u c h  g la u c o n ite 5 265
D olom ite , g ra y , v e ry  fine ly  g r a n u la r ;  
sm a ll a m o u n t ch a lced o n y , w h i t e ; 
t r a c e  c h e r t ,  g r a y ; so m e g la u c o n ite  15 280
L im esto n e , l ig h t  b ro w n , f r a g m e n ta l ,  
s l ig h tly  o o litic  5 285
D olom ite , g ra y , v e ry  fine ly  g r a n u la r ;  
so m e l im e s to n e ; t r a c e  ch a lcedony , 
t r a c e  q u a r tz , c ry s ta l l in e 10 295
D olom ite , m e d iu m  g ra y , fine ly  c ry s ta l- 
lin e , a rg i l la c e o u s ; t r a c e  o f  w h ite  
c h a lc e d o n y ; t r a c e  o f  c ry s ta l l in e  
q u a r tz  15 310
K in d e rh o o k ia n  s e r ie s :
G ilm o re  C ity  lim e s to n e  (1 4 5  f e e t  t h i c k ) :
L im esto n e , b u ff  a n d  c re a m , l i th o g ra p h ic 5 315
L im e s to n e , c re a m , f ra g m e n ta l ,  o o litic , 
so m e su b lith o g ra p h ic  85 400
L im e s to n e , b e ig e  to  ta n ,  s u b li th o g ra p h - 
ic, e a r th y , a rg illa c e o u s  55 455
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M iss iss ip p ian  s y s te m — C o n tin u ed : 
K in d e rh o o k ia n  se r ie s — C o n tin u ed :
H a m p to n  fo rm a tio n  (5 0  fe e t  t h i c k ) :
L im esto n e , t a n ,  fine ly  c ry s ta l l in e ;  dolo- 
m ite , c a lc a r e o u s 25 480
D olom ite , g ra y , finely  s a c c h a r o id a l 20 500
D olom ite , a s  a b o v e ; lim esto n e , c re a m , 
fine ly  c ry s ta l l in e 10 510
D olom ite , l ig h t  b ro w n , finely  c ry s ta l- 
lin e , s l ig h tly  c a lc a re o u s ; som e lim e- 
s to n e  15 525
D o lo m ite , b ro w n , finely  c ry s ta ll in e , w ith  
in c lu d ed  c h e r t ,  g r a y ; som e c h e r t , 
g ra y , d u l l ; t r a c e  o f  c h e r t ,  g ra y , oo litic 60 585
D olom ite , l ig h t  b ro w n , fine ly  c ry s ta l- 
l in e ;  s i l ts to n e , d o lo m itic  5 590
S h a le , g r e e n ;  t r a c e  o f  p y r i t e 5 595
D olom ite , b e ig e  to  g ra y , finely  c ry s ta l- 
lin e  5 600
S ilts to n e , b e ig e  5 605
D ev o n ian  sy s te m :
U p p e r  D ev o n ian  s e r ie s :
Sheffield sh a le  (1 0  fe e t  t h i c k ) :
S h a le , l ig h t-g ra y , s o f t ;  t r a c e  p y r i te  10 615
L im e  C reek  sh a le  (56  f e e t  p e n e t r a t e d ) :
D o lom ite , c re a m  to  yellow , finely  to  
m ed iu m  c ry s ta l l in e ;  som e w h ite , m e- 
d iu m  c ry s ta l l in e ;  t r a c e  o f  c h e r t ,  g r a y - 
ish  w h i t e 15 630
S h a le , g ra y , d o lo m itic  15 645
D olom ite , lig h t-c re a m , m ed iu m  c ry s ta l- 
lin e  5 650
L im esto n e , re d d ish -b ro w n , m e d i u m  
c ry s ta ll in e , f r a g m e n t a l 5 655
D olom ite , c r e a m ,  finely  c ry s ta ll in e , 
c a l c i t i c 16 671T .  D .
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90-27-28D1. Sample log of J. M. Engels farm well near 
Vincent in NE¼ NW¼ NW¼  sec. 28, T. 90 N., R. 27 W. Drilled 
in 1947 by Northwest Drilling Co., Humboldt. Altitude of land 
surface, 1,135 feet. Sample study by S. E. Harris, Jr.
P le is to c e n e  s y s te m :
U n d if fe re n tia te d  bed s (85  fe e t  th ic k ) :
Thick n ess  (
fee t) 
D epth  
(fe e t)
N o sa m p le s  5 5
T ill, yellow , c a lc a reo u s  10 15
T ill, b ro w n ish  g ra y , c a lc a reo u s  70 85
M iss is s ip p ia n  sy s te m :
M e ra m e c ian  s e r ie s :
S t. L o u is  lim e s to n e  (15  f e e t  t h i c k ) :
S a n d s to n e , c re a m , c a lca reo u s , c o a rse  
sa n d  is  ro u n d e d  a n d  f ro s te d , fine sa n d  
is  a n g u la r  to  s u b a n g u la r  15 100
O sa g ia n  s e r ie s :
U n d if fe re n tia te d  b ed s  (70  f e e t  t h i c k ) :
D o lom ite , g ra y is h  b ro w n , d en se , an d  
y e llo w ish  g ra y , s a c c h a ro id a l ; som e 
ch a lced o n y , b lu ish  w h ite  15 115
L im e s to n e , c re a m  to  l ig h t  g ra y , l ith o - 
g ra p h ic  to  s u b l i th o g ra p h ic ; som e 
d o lo m ite , a s  a b o v e 35 150
L im esto n e , l ig h t  g ra y , d en se , w ith  finely 
d is se m in a te d  g la u c o n ite  5 155
D olom ite , l ig h t  g ra y , sa c c h a ro id a l, v e ry  
s ilty , a rg il la c e o u s ; som e c h e r t ,  w h i te ; 
som e ch a lced o n y  15 170
K in d e rh o o k ia n  s e r ie s :
G ilm o re  C ity  lim e s to n e  (1 0 0  fe e t  t h i c k ) :
L im esto n e , c re a m , l i th o g ra p h ic  w ith  
d ru se s  20 190
L im esto n e , c re a m , f r a g m e n ta l ,  o o litic ; 
so m e lim esto n e , s u b l i th o g r a p h ic 80 270
H a m p to n  fo rm a tio n  (145  f e e t  p e n e tra te d ) :
D o lom ite , g ra y  to  ta n ,  v e ry  finely  c ry s - 
ta llin e , m o ttle d  b la c k  a n d  o ra n g e  in  
lo w e r 5 fe e t, p o ro u s  in  p laces  30 300
OF WEBSTER COUNTY, IOWA 241
M iss iss ip p ian  s y s te m — C o n tin u ed : 
K in d e rh o o k ia n  se r ie s— C o n tin u ed : 
H a m p to n  fo rm a tio n — C o n tin u ed :
L im esto n e , c re a m , su b lith o g ra p h ic  a n d  
p se u d o -o o litic ; d o lom ite , ta n ,  finely  
c ry s ta ll in e , s a c c h a ro id a l 15 315
L im esto n e , c re a m  to  l ig h t  b ro w n , su b - 
l i th o g r a p h ic ; som e d o lo m ite  rh o m b s 20 335
D olom ite , ta n ,  v e ry  finely  c ry s ta l l in e ;  
som e c h e r t ,  l ig h t  g r a y  a n d  su b w h ite 5 340
D olom ite , d ra b b is h  g ra y , v e ry  finely 
c ry s ta llin e , d e n s e ; so m e lim esto n e , 
l ig h t  to  g r a y is h  b u ff, v e ry  fine ly  c ry s - 
ta l l in e ;  so m e c h e r t ,  s u b w h ite  to  l ig h t  
g r a y 45 385
D olom ite , l ig h t  b u ff to  l ig h t  g ra y , v e ry  
finely  c ry s ta ll in e , d e n se  5 390
D olom ite , l ig h t  bu ff to  l ig h t  g ra y , v e ry  
finely  c ry s ta ll in e , d e n s e ; so m e c h e r t , 
c re a m  to  l ig h t  g ra y , s to n y ; so m e lim e- 
s to n e , l ig h t  b u ff  to  l ig h t  g r a y 25 415
N o s a m p l e s 5 420 T . D.
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90-27-31N2. Sample log of C. S. Knudson fa rm  well near 
V incent in SW ¼ SW ¼ SW ¼  sec. 31, T. 90 N., R. 27 W. Drilled 
in  1945 by A rt Vinson, F o r t  Dodge. A ltitude of land surface, 
1,125 feet. Sam ple study  by S. E . H arris , J r .
P le is to c e n e  s y s te m :
W isc o n s in  s ta g e  (70  fe e t  t h i c k ) :
Thick n ess  (f
e e t)  
 De p th  (
fe e t)
T ill, y e llo w ish  buff, c a lc a r e o u s 15 15
T ill, g ra y , c a lc a reo u s 10 25
S an d  a n d  g ra v e l, h e te ro g e n e o u s , co n - 
t a in in g  g r a in s  a n d  p eb b le s  o f  lim e- 
s to n e , d o lom ite , g r a y  sh a le , q u a r tz , 
a n d  ig n e o u s  ro ck s . V e ry  d i r ty  a n d  
a p p a re n t ly  in te rb e d d e d  w ith  til l ,  h u f - 
fish  g ra y , c a lc a reo u s 15 40
T ill, g r a y ,  c a lc a reo u s  25 65
S an d , ye llo w ish , fine  to  m ed iu m , h e te ro
g en eo u s  g r a i n s 5 70
P e rm ia n  ( ? )  sy s te m :
F o r t  D od g e  fo rm a tio n  (43  f e e t  th ic k ) :
S h a le , l ig h t  g ra y , s o f t ,  m icaceo u s, ca l- 
c a re o u s , c o n ta in in g  so m e p y r i t e 5 75
L im esto n e , ye llow , w ith  in te rb e d d e d  
sa n d , fine  to  m ed iu m . A lso  c o n ta in s  
a b u n d a n t  ro u n d e d  p e lle ts  o f  lim e- 
s to n e , d o lo m ite , a n d  a u th ig e n ic  q u a r tz 5 80
S a n d s to n e , l ig h t  g ra y , c a lc a re o u s  ce- 
m e n t, v e ry  fine, a n g u la r ,  w i th  c o a rse  
s a n d  o f  q u a r tz ,  a n g u la r  c h e r t ,  lim e - 
s to n e , a n d  d o lo m ite  10 90
L im esto n e , l ig h t  c re a m y  g ra y ,  w ith  fine 
s a n d ;  lim e s to n e  a n d  d o lo m ite  p e lle ts  
em b ed d ed  in  th e  lim esto n e . M an y  
p e lle ts  a re  f r a g m e n ts  o f  fu s u lin id s  
a n d  b ry o z o a n s  5 95
G y p su m , w h ite  a n d  c le a r , c ry s ta ll in e  
a n d  a m o rp h o u s  15 110
L im esto n e , l ig h t  y e llo w ish  g r a y  a n d  
p in k ish , f ra g m e n ta l ,  c o n ta in in g  b ry o - 
zoan , fu s u lin id s , a n d  c r in o id  f r a g - 
m e n ts . M uch  p y r i t e 3 113
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M iss is s ip p ia n  s y s te m :
M e ra m e c ian  s e r ie s :
S te . G enev ieve  lim e s to n e  (27  fe e t  t h i c k ) :
M a rl, g r a y is h  g re e n  a n d  re d , w i th  in - 
c re a s in g  a m o u n t o f  lim esto n e , l ig h t  
g r a y is h  b ro w n , v e ry  finely  c ry s ta l- 
lin e  n e a r  b ase , f o s s i l i f e r o u s 27 140
S t. L o u is  l im e s to n e  (45  f e e t  t h i c k ) :
S a n d s to n e , su b w h ite , c a lc a reo u s , v e ry  
fine, a n g u la r ,  w ith  som e m ed iu m  
s a n d ;  so m e sa n d s to n e , w h ite , co a rse , 
fine ly  f r o s te d ;  so m e lim esto n e , buff, 
v e ry  fin e ly  c ry s ta l l in e  to  su b lith o - 
g ra p h ic , w ith  so m e s a n d  im b ed d ed 10 150
L im esto n e , l ig h t  b ro w n , v e ry  finely  c ry s - 
ta l l in e ;  so m e c h e r t , l ig h t  b ro w n  a n d  
g ra y , su b co n ch o id a l 15 165
S a n d s to n e , w h ite , c o a rse , f ro s te d , a n d  
fine, a n g u la r ;  som e lim esto n e , su b - 
l i th o g ra p h ic ;  p in k  a n d  ye llow  c h e r t  
g r a in s ;  t r a c e  o f  p y r i t e 20 185
O sa g ia n  s e r ie s :
U n d if fe re n tia te d  b ed s  (8 0  fe e t  t h i c k ) :
D olom ite , d ra b , fin e  to  m e d iu m  c ry s ta l- 
l in e ;  lim e s to n e , g r a y is h  b u ff  a n d  
b ro w n , s u b l i th o g r a p h ic 15 200
D olom ite , d a r k  b ro w n , sa c c h a ro id a l, 
b r i l l ia n t ,  fine  to  m e d iu m  c ry s ta ll in e , 
v u g g y ; som e q u a r tz , b ro w n , w a te ry  
n e a r  b a se  20 220
L im esto n e , d ra b b is h -g ra y , fine to  n e a r - 
ly  m ed iu m  c ry s ta ll in e , sp eck led  w ith  
sm all g la u c o n ite  g r a in s  5 225
D olom ite , d ra b b is h -g ra y  a n d  b u ff, sa c - 
c h a ro id a l 10 235
S h a le , g re e n  a n d  g ra y , n o n c a lc a reo u s , 
som e d o lom ite , d ra b b is h  b ro w n , finely  
to  n e a r ly  m ed iu m  c ry s ta llin e , a r g i l - 
laceo u s 15 250
D olom ite , b ro w n  a n d  g ra y , fine ly  c ry s - 
ta llin e , d en se , a rg illa c e o u s 15 265
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M iss iss ip p ia n  s y s te m — C o n tin u ed : 
K in d e rh o o k ia n  s e r ie s :
G ilm o re  C ity  lim e s to n e  (1 1 5  f e e t  t h i c k ) :
L im esto n e , c re a m , su b lith o g ra p h ic  to  
l i th o g ra p h ic ; som e q u a r tz , c l e a r 15 280
L im esto n e , c re a m  to  su b w h ite , f r a g - 
m e n ta l, o o litic ; som e lim esto n e , su b - 
l i th o g ra p h ic  45 325
D olom ite , d a rk -b ro w n , finely  c ry s ta l- 
l in e ;  som e c h e r t ,  w h ite , b a n d e d  5 330
L im esto n e , c re a m  to  su b w h ite , f r a g - 
m e n ta l, o o litic ; som e lim esto n e , su b - 
l i th o g ra p h ic  50 380
H a m p to n  fo rm a tio n  (25  fe e t  p e n e t r a t e d ) :
D olom ite , l ig h t  y e llo w ish  g ra y , fine ly  
a n d  m ed iu m  c ry s ta ll in e , s p a rk lin g 10 390
D olo m ite , lig h t-g ra y , finely  c ry s ta llin e , 
d en se , m o ttle d  w ith  b la c k  sp eck s 5 395
D olom ite , b ro w n  to  buff, finely  a n d  
m ed iu m  c ry s ta ll in e , s p a rk l in g  10 405 T .  D .
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90-28-15D2. Sample log of Badger town well in the N W ¼  
N W ¼  N W ¼  sec. 15, T. 90 N., R. 28 W. Drilled in 1947 by 
Thorpe Well Co., Des Moines. A ltitude of land surface, 1,155 
feet. Sample study by W. E . Hale and R. M. Jeffords.
Thickness (
fee t)  
 D ep th  
(fe e t)
P le is to cen e  sy s te m :
W isco n sin  s ta g e  (80  fe e t  t h i c k ) :
T ill, b ro w n , leach ed , s ilty , q u a r tz  s a n d 10 10
T ill, buff, c a lc a reo u s   10 20
S a n d , f in e  to  co a rse , h e te ro g e n e o u s , 
d i r ty  5 25
T ill, g ra y , c a lc a reo u s  55 80
K a n s a n  s ta g e  (4 0  fe e t  t h i c k ) :
T ill, o ra n g e , leach ed  5 85
T ill, o ra n g e , c a lc a r e o u s 5 90
T ill, b ro w n ish  g ra y  15 105
S an d , h e te ro g e n e o u s  15 120
N e b ra s k a n  ( ? )  s ta g e  (2 0  fe e t  th ic k ) :
C lay  o r  till , ch o co la te  b ro w n , s lig h tly  
ca lca reo u s , v e ry  s i l ty  a n d  pebb ly  20 140
M iss is s ip p ia n  s y s te m :
M e ra m e c ian  s e r ie s :
S t. L o u is  lim e s to n e  (2 5  fe e t  t h i c k ) :
D olom ite , b uffish ta n , v e ry  finely c ry s - 
ta l l in e ;  sa n d s to n e , m ed iu m  a n g u la r  
to  ro u n d , som e f ro s te d  g ra in s ,  ca l- 
c a re o u s ; t r a c e  o f  c h e r t ,  p a le  g ra y , 
t r a n s lu c e n t  10 150
S a n d s to n e , w h ite , fine to  m ed iu m , a n g u
la r  to  ro u n d e d , f ro s te d , c a lc a r e o u s 15 165
O sa g ia n  s e r ie s :
U n d if fe re n tia te d  b ed s  (85  fe e t  t h i c k ) :
D olom ite , l ig h t  b ro w n , fine ly  c ry s ta l- 
l in e ;  lim esto n e , g r a y is h  c ream , v e ry  
fine ly  c ry s ta llin e , e a r th y 10 175
D olom ite , b ro w n , m ed iu m  c ry s ta llin e , 
b r i l l ia n t ,  v u g g y  in  p l a c e s
U n c o n fo rm ity ?
20 195
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M iss iss ip p ia n  s y s te m — C o n tin u ed : 
O sa g ia n  s e r ie s — C o n tin u ed :
D o lom ite , l ig h t  re d d is h  b ro w n , finely  
to  m ed iu m  c ry s ta ll in e , a n d  g ra y is h  
b u ff, m e d iu m  c ry s ta ll in e , m o ttle d  
w ith  sm a ll g la u c o n ite  g r a in s ;  som e 
lim esto n e , g ra y , e a r th y , m o ttle d  by  
g la u c o n ite  a n d  d ru s e s  10 205
S h a le , g ra y , c a lc a re o u s ; som e c h e r t , 
g ra y , s m o k y 10 215
D o lo m ite  a n d  lim esto n e , y e llo w ish  g ra y , 
v e ry  finely c ry s ta ll in e , a rg illa c e o u s , 
w ith  som e ch a lced o n y  15 230
L im esto n e , g r a y  to  buff, s u b lith o g ra p h -  
ic , a rg illa c e o u s 20 250
K in d e rh o o k ia n  s e r ie s :
G ilm o re  C ity  lim e s to n e  (9 0  f e e t  t h i c k ) :
L im esto n e , c re a m  to  su b w h ite , f r a g - 
m e n ta l, in  p a r t  o o litic  a n d  p seu d o - 
o o litic  90 340
H a m p to n  fo rm a tio n  (a b o u t  190  f e e t  th ic k ):
D o lom ite , bu ff to  l ig h t  b ro w n , c o a rse ly  
c ry s ta ll in e , c a lc ite  c e m e n t 5 345
L im esto n e , bu ff a n d  c re a m , f r a g m e n ta l ,  
w ith  som e d o lo m ite  r h o m b s 5 350
N o  sam p le  5 355
D o lo m ite  a n d  lim esto n e , a s  above  5 360
L im esto n e , b u ff  a n d  c re a m , f r a g m e n ta l 20 380
L im e s to n e , l ig h t  b ro w n  to  g r a y is h  
c re a m , s u b l i th o g r a p h ic 20 400
D olom ite , ta n  to  b ro w n , m ed iu m  g r a n - 
u la r  10 410
D olom ite , a s  ab o v e , a n d  g ra y , m ed iu m  
c ry s ta ll in e , a r g i l l a c e o u s 15 425
D olom ite , g r a y  a n d  b ro w n , finely  sac -  
c h a r o id a l ; so m e c h e r t ,  p a le  g r a y  a n d  
c re a m , o p aque , s t o n y 15 440
D olo m ite , g ra y , b u ff a n d  b ro w n , m ed i- 
u m  c ry s ta ll in e , p o ro u s  10 450
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M iss iss ip p ian  s y s te m — C o n tin u ed : 
K in d e rh o o k ia n  se r ie s— C o n tin u ed :
G ilm ore  C ity  lim esto n e— C o n tin u ed :
D o lo m ite , d ra b , m e d iu m  c ry s ta l l in e ;  
so m e  c h e r t ,  w h ite  to  l ig h t  g ra y , 
g r a n u l a r ; som e c h e r t ,  m ilk y  w h ite 15 465
D olom ite , d ra b , c ry s ta l l in e ;  c h e r t ,  l ig h t  
b ro w n  a n d  l ig h t  g ra y , g r a n u l a r 5 470
D olom ite , d ra b , a s  a b o v e ; so m e c h e r t , 
d a rk  b ro w n  a n d  g r a y  10 480
D olom ite , l ig h t  g ra y , s i l ty ;  som e c h e r t , 
v e ry  l ig h t  g ra y , sp eck led , g r a n u la r 20 500
D olom ite , l ig h t  b ro w n , p o ro u s , sacch a - 
ro id a l 25 525
N o  sa m p le  (m a y  h a v e  re a c h e d  S h e f- 
field sh a le )  5 530 T .  D .
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90-28-35D1. Sample log of E. I. Oleson fa rm  well near Badger 
in the SW ¼  N W ¼  N W ¼  sec. 35, T. 90 N., R. 28 W. Drilled in 
1946 by A rt Vinson, F o r t Dodge. A ltitude of land surface 1,127 
feet. Sample study by E. Schultz.
P le is to c e n e  sy s te m :
W isco n sin  s ta g e  (7 0  fe e t  t h i c k ) :
Thick n ess  
(fe e t)
 Depth  (
f e e t)
T ill, b u ff, c a lc a re o u s 20 20
T ill, d ra b , c a lc a re o u s 35 55
S an d  a n d  g ra v e l, h e te ro g e n e o u s , d i r ty 5 60
T ill, d ra b , c a lc a re o u s 10 70
P e rm ia n  ( ? )  s y s te m :
F o r t  D odge fo rm a tio n :
S an d s to n e , su b w h ite , v e ry  fine, a n g u la r , 
p i t te d 5 75
S h ale , l ig h t  buff, v e ry  s ilty , c a lca reo u s , 
s o f t  5 80
S h ale , re d , so f t , v e ry  s ilty , c a lca reo u s , 
c o n ta in in g  m u ch  a u th ig e n ic  q u a r tz 15 95
L im e s to n e  a n d  do lom ite , l ig h t  c ream , 
com posed  o f  p e lle ts  a b o u t 1 m m  in  
d ia m e te r ;  so m e sa n d s to n e , v e ry  fine, 
a n d  a u th ig e n ic  q u a r tz 5 100
P e n n sy lv a n ia n  s y s te m :
D e sm o in es ian  s e r ie s :
U n d if fe re n tia te d  b ed s  (55  fe e t  th ic k ) :
S h a le , g r a y ; sa n d s to n e , f in e ; som e 
s id e r i te  a n d  h e m a ti te 5 105
S hale , l ig h t  a n d  d a rk  g ra y , u n c tu o u s , 
m u ch  ca rb o n a c eo u s  m a te r i a l ; th in  
coal s e a m s ; fe w  th in  bed s o f  sa n d - 
s to n e , fine, w h i t e 50 155
M iss is s ip p ia n  s y s te m :
M e ra m e c ian  s e r ie s :
S te . G enev ieve  lim esto n e  (10  fe e t  t h i c k ) :
S h a le , g ra y , c a lc a re o u s ; t r a c e  o f  p y r i te 10 165
S t. L o u is  lim e s to n e  (5 5  f e e t  p e n e tra te d ) :
L im esto n e , l ig h t  c ream , s u b lith o g ra p h ic 5 170
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90-29-29B1. Sample log of W. C. Ulrich fa rm  well near Clare 
in the N E ¼  N W ¼  N E ¼  sec. 29, T. 90 N ., R. 29 W. Drilled in 
1948 by A rt Vinson, F o r t Dodge. A ltitude of land surface, 1,176 
feet. Sample study by R. W. Screven.
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M iss iss ip p ian  s y s te m — C o n tin u ed : 
M eram ec ian  se r ie s— C o n tin u ed : 
S t. L o u is  lim e s to n e — C o n tin u ed :
S a n d s to n e , su b w h ite , v e ry  fine, c a lc ite  
c e m e n t; t r a c e  c h e r t ,  g r a y  subcon- 
c h o id a l; t r a c e  p y r i te 5 175
L im esto n e , l ig h t  be ige , s u b li th o g ra p h ic 10 185
S an d s to n e , fine to  co a rse , c o a rse  g r a in s  
f ro s te d , c a lca reo u s , g ra d in g  in to  lim e- 
s to n e , su b w h ite , v e ry  a re n a c e o u s ; 
so m e g ra y  c h e r t  f r a g m e n ts 25 210
D olom ite , ta n ,  finely  c ry s ta ll in e , p o ro u s , 
som e sa n d s to n e  a n d  lim esto n e , a s  
ab o v e  5 215
S a n d s to n e , w h ite , fine, f ro s te d , a n g u la r  
to  ro u n d e d  5 220 T .  D.
P le is to c e n e  s y s te m :
U n d if fe re n tia te d  b eds (77  fe e t  th ic k ) :
 Thickness (
feet)
 D epth   
(fee t)
Soil developed  on  till, b ro w n 10 10
T ill, o ra n g e , buff, c a lc a re o u s 10 20
T ill, g ra y , c a lc a re o u s 10 30
S an d  a n d  g ra v e l, h e te ro g e n e o u s , c a l- 
c a re o u s  20 50
T ill, g ra y , c a lc a re o u s 10 60
S a n d  a n d  g ra v e l, h e te ro g e n e o u s 5 65
T ill, g ra y , c a lc a re o u s 5 70
S an d  a n d  g ra v e l, h e te ro g e n e o u s 7 77
M iss is s ip p ia n  sy s te m :
M e ra m e c ian  s e r ie s :
S t. L o u is  lim esto n e  (31  f e e t  t h i c k ) :
L im esto n e , ye llow  to  w h ite , finely  sac -  
c h a ro id a l, s a n d y ; sa n d s to n e , w h ite , 
fine to  co a rse , co a rse  g r a in s  f ro s te d , 
c a lc a reo u s  31 108
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O sa g ia n  s e r ie s :
U n d if fe re n tia te d  b ed s  (77  f e e t  t h i c k ) :
D o lom ite , g r a y is h  b ro w n , fine ly  c ry s ta l- 
lin e , so m e c h e r t ,  l ig h t-g ra y , q u a r tz -  
o s e ; t r a c e  o f  g la u c o n i te 12 120
D olo m ite , l ig h t  b u ff  to  b u ff, finely  c ry s - 
ta l l in e ;  t r a c e  g la u c o n ite  a n d  p y r i t e 5 125
D olo m ite , b ro w n , fine ly  c ry s ta l l in e  to  
su b lith o g ra p h ic , p o ro u s ;  d ru s e s  a n d  
c h e r t ,  g r a y is h  w h ite , m o tt le d ;  t r a c e  
g la u c o n ite  a n d  p y r i te 20 145
D olom ite , p in k  to  re d d is h  b ro w n , finely  
c ry s ta l l in e ;  t r a c e  g la u c o n ite 20 165
D olom ite , buff, su b lith o g ra p h ic , c a lc ite  
c e m e n t 10 175
D olom ite , g ra y , b ro w n , fine ly  c ry s ta ll in e 10 185
K in d e rh o o k ia n  s e r ie s :
G ilm o re  C ity  lim e s to n e  (6 7  f e e t  p e n e tra te d ):
L im esto n e , w h ite -b u ff  to  b u ff, l i th o - 
g ra p h ic 5 190
D olom ite , g re e n is h  g ra y , v e ry  finely  
c ry s ta l l in e  5 195
L im esto n e , buff, f r a g m e n ta l ,  o o l i t ic ; 
som e d o lom ite , g re e n ish -b ro w n , s ilty , 
a rg illa c e o u s  57 252 T .  D .
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90-30-3A1. Sam ple log of E . F . Beeh fa rm  well, n ear Clare, 
in N E  cor. sec. 3, T. 90 N., R. 80 W. Drilled in 1947. by N orth- 
w est D rilling Co., Humboldt. A ltitude of land surface, 1,180 
feet. Sample study by M. C. P arker.
P le is to c e n e  s y s te m :
U n d if fe re n tia te d  b ed s  (9 5  f e e t  t h i c k ) :
 Thick n ess   
(fe e t)  
 De p th  
 (fe e t)
C lay , b lack , sa n d y , s i l ty 5 5
  T ill, yellow , c a lc a re o u s 15 20
T ill, g ra y , c a lc a re o u s 30 50
T ill, bu ff, c a lc a r e o u s 25 75
T ill, b u ff  a n d  g ra y , c a lc a re o u s 5 80
S ilt, b ro w n , sa n d y , m icaceous, c a lc a re - 
o u s 5 85
C lay , bu ffish -b ro w n , sa n d y , c a lc a re o u s 10 95
C re ta c e o u s  s y s te m :
U n d if fe re n tia te d  sec tio n  (7 0  f e e t  p e n e tra ted):
S h a le , g ra y , s o f t ,  u n c tu o u s , c a lc a re o u s 5 100
S h a le , l ig h t  g ra y , v e ry  s a n d y ;  s a n d , 
m ed iu m , com posed  o f  m a n y  p in k  a n d  
c le a r  q u a r tz  g r a in s 10 110
S h a le , d a r k  g ra y , u n c tu o u s , fiss ile 5 115
S h a le , l ig h t  g ra y , sa n d y , m u c h  p y r i te 8 123
S a n d s to n e , m ed iu m  to  co a rse , a n g u la r  to  
su b ro u n d e d , cem en ted  in  p a r t  b y  
b ro w n  s id e r i te  a n d  p y r i te . S a n d  
g r a in s  a r e  com posed  o f  c le a r  to  p in k  
q u a r tz  a n d  g re e n is h  b u ff  c h e r t .  A  
fe w  g ra n u le s  a n d  p eb b les  a r e  d u ll po l- 
ish ed  42 165 T .  D.
252 GEOLOGY AND GROUND-WATER RESOURCES
90-30-3A2. Sample log of E. F . Beeh te s t hole near Clare, in 
N W ¼  N E ¼  N E ¼  sec. 3, T. 90 N., R. 30 W. Drilled in 1947 
by N orthw est D rilling Co., Humboldt. This tes t hole is about 
one-fourth of a mile w est of 90-30-3A1. A ltitude of land su r- 
face, 1,180 feet. Sample study by S. E. H arris , J r .  N ote: In 
1945 an unsuccessful well was drilled a t  th is site  to a  depth of 
between 500 and 600 feet. The d rille r reported a predom inantly 
shale section w ith some beds of hard  rock.
 Thick n e ss   (f
e e t)  
 Depth 
( feet )
P le is to cen e  sy s te m :
U n d if fe re n tia te d  bed s (90  f e e t  t h i c k ) :
T ill, b ro w n , c a lc a re o u s 5 5
T ill, y e llow ish  buff, c a lca reo u s , c o n ta in - 
in g  m a n y  sh a le  p eb b le s 15 20
T ill, g ra y , c a lc a re o u s 30 50
T ill, buff, c a lc a r e o u s 30 80
S an d  a n d  g ra v e l, h e te ro g e n e o u s , c o n ta in - 
in g  a  la rg e  a m o u n t o f  w h ite  to  yellow  
lim esto n e  g ra n u le s  a n d  peb b les 10 90
C re ta c e o u s  s y s te m :
U n d if fe re n tia te d  M an so n  sec tio n  (70  fe e t  pentrad):
S h a le , g ra y , h a rd , ca rb o n aceo u s , a n d  
p y r i te  s p e c k s ; t r a c e  o f  p la ty  m in e ra ls 35 125
S ilts to n e  to  sa n d s to n e , v e ry  fine, l ig h t  
g ra y , v e ry g la u c o n itic , c a lc a reo u s 10 135
S h ale , g ra y ish -b ro w n , s l ig h tly  c a lc a re - 
o u s  c o n ta in in g  san d , fine to  m ed iu m , 
a n g u la r  15 150
S h ale , g ra y , w ith  s i l t  la m in a tio n s 10 160 T .  D.
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90-30-4E1. Sample log of A lbert L ich t fa rm  well near Clare 
in SW ¼  SW ¼  N W ¼  sec. 4, T. 90 N . , R . 30 W. Drilled in 1949- 
50 by N orthw est D rilling Co., Humboldt. A ltitude of land su r- 
face, 1,198 feet. Sample study  by R. M. Jeffords and G. C. 
H untington. N ote: D riller’s log to  220 feet. This well devel- 
oped a very small supply of w ater.
 Thick n ess   (f
e e t )
D e p th
( fe e t)
P le is to c e n e  s y s te m :
U n d if fe re n tia te d  b ed s (a p p ro x im a te ly  110 fet hick):
C lay, ye llow  40 40
C lay , b lu e  40 80
C lay , b lue , s a n d y 5 85
S an d  5 90
C lay , ye llow  20 110
C re ta c e o u s  sy s te m :
M an so n  seq u en ce  (a p p ro x im a te ly  995 fe e t  pentrad):
S h a le , b lack   110 220
S h ale , d a rk  g ra y , c layey , n o n ca lca reo u s , 
m icaceo u s 5 225
N o  s a m p le s 25 250
S h ale , d a rk  g ra y , c layey , s l ig h tly  ca l- 
c a re o u s ; t r a c e  s id e r i te  p e lle ts , a n d  
p y r i te 65 315
N o  s a m p le s  225 540
S hale , v e ry  l ig h t  g ra y , so f t, c layey , n o n - 
c a lc a re o u s ; som e s id e r i te  p e lle ts 5 545
S h a le , g ra y is h  red , c la y e y ; som e s id e r i te  
p e lle ts  5 550
S h ale , b ro w n ish  g ra y , c la y e y ; som e s id - 
e r i te  p e lle ts  5 555
S hale , l ig h t  g ra y , n o n ca lca reo u s , no 
s t r u c t u r e ; s id e r i te  p e lle ts  u p  to  2  m m . 
in  d ia m e te r ;  th in  b ed  o f  sa n d s to n e , 
fine to  m ed iu m , a n g u la r  to  c u rv ilin - 
e a r , c le a r , som e f ro s te d , a t  620 fe e t 75 630
S h ale , g ra y , n o  s t r u c tu r e ,  n o n c a lc a re - 
ous, s i l ty  15 645
S h ale , g ra y , m a ss iv e ; t r a c e  o f  s id e r i te  
p e lle ts  85 730
S h a le , g r a y  la m in a te d , s o f t  5 735
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C re ta c e o u s  s y s te m — C o n tin u ed : 
M an so n  seq u en ce— C o n tin u ed :
S h a le , l ig h t  g ra y , n o  a p p a r e n t  la m in a - 
t io n s  25 760
S h a le , g ra y , s o f t ,  la m in a te d ; sh e ll f r a g - 
m e n ts , b u f f ,  s om e w ith  p e a r ly  lu s te r . 
In o c e ra m u s?  25 795
S h a le , g ra y , h a r d 25 795
S h a le , b ro w n ish  g r a y ;  t r a c e  o f  co lum - 
n a r  ca lc ite  a n d  sp ic u le s 20 815
S hale , g ra y , s o f t ,  f la k y ; t r a c e  o f  p y r i te  
a n d  m i c a 10 825
S h a le , l ig h t  g ra y , so f t , u n c tu o u s ;  t r a c e  
o f  c o lu m n a r  c a lc ite . In o c e r a m u s ? 15 840
S h a le , g ra y , s i l t y ; s id e r i te , m ass iv e , 
b ro w n ;  m a n y  In o c e ra m u s  f r a g m e n ts  
a n d  siliceo u s sp ic u le s  5 845
S hale , d a r k  g r a y ;  som e s id e r i te , m a s - 
s iv e  20 865
S a n d s to n e , fine to  n e a r ly  m ed iu m , a n g u - 
la r ,  c le a r , loose ( r e p o r t  som e w a te r  
b u t  w ould  n o t  c l e a r ) 10 875
S h a le , l ig h t  to  m e d iu m  g ra y , u n c tu o u s , 
s ilty , n o n c a lc a r e o u s 15 890
S a n d s to n e , fine to  n e a r ly  m ed iu m , a n g u - 
la r ,  c le a r ;  t r a c e  sh a le , b lack , c a rb o n - 
aceo u s  ( r e p o r t  w a te r ,  b u t  w o u ld  n o t  
c le a r)  60 950
S ilts to n e , g re e n  a n d  b ro w n , c a lc a reo u s  
c e m e n t 15 965
S a n d s to n e , fine, a n g u la r ,  m icaceo u s 20 985
N o  s a m p le s 25 1,010
S h ale , m ed iu m  g ra y , no  la m in a tio n s  a p - 
p a re n t ,  s i l ty  15 1,025
S h a le , b lack , w ith  l ig n ite  c o n ta in in g  im - 
b ed d ed  re s in  n o d u les , s l ig h tly  flam - 
m a b le ;  t r a c e  o f  p y r i te 10 1,035
S h a le , g ra y , n o  la m in a tio n s  a p p a re n t ,  
c a l c a r e o u s 30 1,065
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90-30-24N1. Sam ple log of St. M atthew ’s Church well a t 
Clare, in  S E ¼ SW ¼ SW ¼  sec. 24, T. 90 N., R. 30 W. Drilled 
in  1950 by A rt Vinson, F o r t  Dodge. A ltitude of land surface, 
1,214 feet. Sample study by G. C. H untington and W. E . Hale.
Cretaceous system — Continued: 
M anson sequence— Continued:
Shale, black, carbonaceous, w ith  lignite- 
like m ateria l and  re s in ; some th in  
sandstone beds, medium to coarse, 
angu lar to  curvilinear, clear, loose 20 1,085
Shale, as above, w ith  some shale, gray, 
lam inated, fissile and th in  sandstone 
beds 18± 1,103±
Sandstone, medium to coarse, angular, 
clear (some w ater) 2 ± 1,105 T . D.
 Thickness 
 (f e e t)
 D e p th
( fe e t)
P le is to c e n e  s y s te m :
W isco n sin  s ta g e  (10  fe e t  th ic k ) :
T ill, buff, som e g ra y , c a lc a r e o u s 10 10
T ill, g ra y , c a lc a reo u s  40 50
T ill, g r a y ,  so m e buff, c a lc a reo u s  10 60
T ill, g ra y , c a lc a reo u s  40 100
K a n s a n  s ta g e  (25  fe e t  t h i c k ) :
T ill, g r a y  a n d  buff, leach ed  5 105
T ill, o ra n g e , leach ed  5 110
T ill, b u ff , s l ig h tly  c a lc a reo u s  5 115
S a n d  a n d  g ra v e l, h e te ro g e n e o u s  a n d  
d i r ty ,  a n d  b u ff t i l l 10 125
C re ta c e o u s  s y s te m :
U n d if fe re n tia te d  sec tio n  (55  fe e t  p e n e tr a te d):
S h a le , g ra y , s o f t ,  u n c t u o u s 20 145
S a n d s to n e , fine to  m ed iu m , m u ch  p in k  
q u a r tz , l a r g e r  g r a in s ,  du ll, p o lish e d ; 
m u ch  p y r i te  35 180 T .  D .
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90-30-35Q1. Sample log of E rw in  Malmin farm  well near 
Clare in SW ¼  SW ¼  S E ¼  sec. 35, T. 90 N., R. 30 W. Drilled 
in 1948 by A rt Vinson, F o r t Dodge. A ltitude of land surface, 
1,150 feet. Sam ple study by R. W. Screven.
 Thickness  
 (feet)
 D e p th   
( f e e t)
P le is to c e n e  s y s te m :
U n d if fe re n tia te d  b e d s  (80  fe e t  th ic k ) :
T ill, b ro w n , s lig h tly  ca lca reo u s  70 70
T ill, o ra n g e , s lig h tly  c a lc a reo u s  5 75
  T ill, l ig h t  b ro w n , c a lc a reo u s  5 80
C re ta c e o u s  sy s te m  (630  fe e t  p e n e t r a t e d ) : 
U n d if fe re n tia te d  M an so n  se c tio n :
S h a le , g ra y , so f t , m ic a c e o u s 75 155
S h a le , g r a y ;  som e lim esto n e , v e ry  d a rk  
g ra y , s i l ty  45 200
S h a le , l ig h t  re d  to  g ra y , s o f t ,  no  la m i- 
n a tio n s  15 215
S h a le , g ra y , m icaceo u s ; som e m a ss iv e  
s id e r i te  a n d  s id e r i te  p e l l e t s 35 250
S h ale , d a rk  g ra y , flaky, c a lc a re o u s ; 
som e lim esto n e , g ra y  a n d  buff, g r a n - 
u la r .  In o c e ra m u s  f r a g m e n ts ,  fish 
to o th ?  30 280
S h ale , d a rk -g ra y , m icaceo u s 20 300
S h ale , g ra y  w ith  w h ite  specks, m i- 
caceous 5 305
S h a le , g r a y  15 320
S h a le , g ra y , m o stly  m o ttle d  w h ite , 
c a lc a reo u s , so m e w h a t m icaceo u s a n d  
p y r i t i c ; som e b ed s  o f  lim esto n e , d a r k  
g ra y , g r a n u la r  65 385
S h ale , a s  a b o v e ; m u ch  m o re  lim esto n e , 
a s  above. In o c e ra m u s  f r a g m e n ts , 
som e fish te e th  a n d  sca les  40 425
S h a le , d a r k  g ra y , m o ttle d  w h ite , fissile, 
c a lc a reo u s , fo s s il ife ro u s  10 435
S h a le , g ra y , c a lca reo u s , s l ig h tly  m i- 
caceous a n d  p y r i t ic ;  m u ch  s id e r ite , 
b ro w n , m a ss iv e  fo ss ils  35 470
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C re ta c e o u s  s y s te m — C o n tin u ed : 
U n d if fe re n tia te d — C o n tin u ed :
L im esto n e , g ra y , v e ry  f in e ; t r a c e  o f  
lim esto n e , b u f f ; fo ss il f r a g m e n ts ; 
som e s id e r i te  a n d  sh a le  a s  ab o v e 5 475
     S h a le , g ra y , s l ig h tly  m icaceous, p y r i t i c ; 
s id e r ite , m a ss iv e  b ro w n  25 500
S h a le , g ra y , w ith  so m e lim esto n e , d a rk  
g ra y , g r a n u la r  5 505
D a k o ta  ( ? )  f o rm a tio n :
S h a le , d a r k  g ra y  a n d  b la c k ; s id e r i te ;  
som e l ig n ite  10 515
S id e r i t e ; som e s ilts to n e , g r a y ; som e 
sh a le , d a r k  g r a y 5 520
S h a le , g r a y ;  s id e r i te ;  som e p y r i te  10 530
S h a le , g r a y  a n d  b la c k ; sa n d s to n e , g ra y , 
v e ry  fine, a n g u la r ; p y r i t e ; a n d  lig n ite 30 560
S h a le , g r a y  a n d  b lack , m icaceo u s 5 565
S h a le , g r a y  a n d  b la c k ; sa n d s to n e , g ra y , 
f in e ; s id e r i te , m a ss iv e  a n d  a s  p e lle ts 20 585
S h a le , g r a y ;  s id e r i te  p e lle ts  10 595
S a n d s to n e , fine 5 600
S id e rite , b ro w n , m a ss iv e  a n d  a s  p e l le ts ; 
som e sa n d s to n e , f in e ; t r a c e  o f  sh a le , 
b lack  20 620
S h ale , l ig h t  g ra y , p y r i t i c 15 635
S h ale , b la c k ; som e s id e r ite , m ass iv e  
a n d  a s  p e lle ts ;  som e l i g n i t e 15 650
S h a le , l ig h t  b r o w n ; som e s id e r i te  p e lle ts 10 660
S id e r ite , b ro w n , m ass iv e , m e d iu m ; som e 
sh a le , g r a y  a n d  b la c k ;  som e s a n d - 
s to n e ;  t r a c e  o f  do lom ite , b u ff, fine 
f r a g m e n ta l  20 680
S a n d s to n e , w h ite , c lean , fine to  m e d iu m ; 
som e p in k  q u a r tz , a n g u la r  ( w a t e r ) 30 710 E . D .




